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ABSTRACT
The ro le  of  science and sc ien t is ts  in environmental po l icy  and 
management is and has been an important,  complex, and controversial  
subject f o r  many years.
The ob ject ive  of th is  study is to determine how science and 
s c ie n t is ts  in te rac t  in environmental policy formation and management 
and how science is or could be used in the development of pol icy which 
can u l t im a t e ly  be used as a basis fo r  e f fe c t iv e  resource management 
pians .
In the very broad sense th is  study attempts to evaluate the 
general hypothesis that "Scient is ts  do not play a r o le  in promoting or 
encouraging science as a means of  changing a t t i tu d e s  and opinions of  
management and the public so as to influence public  pol icy and 
u l t im a te ly  environmental management."
The use of science in establ ishing well developed management 
plans for  coral ree f  areas in A u s t r a l i a ’ s Great B a r r i e r  Reef;
Jamaica’ s - Ocho Rios Marine Park System; St, C r o ix ’ s - Buck Island;  
Angui l la ;  the Netherlands A n t i l le s  - including Bonaire and Curacao 
Marine Parks; Puerto Rico’ s - La Parguera National Marine Sanctuary; 
and several of the Florida State reefs such as Key Largo and Looe Key 
Marine Sanctuaries were examined through analysis o f  management plans.
The second component of the study involved structured interviews  
with a number of  scient is ts  and managers. These Ind iv idua ls  included 
s c ie n t is ts  who had been working on coral reefs as wel l  as managers of 
these systems - individuals who have an in terest  in formulating public 
pol icy  as well  as those who do not have. The general hypothesis was 
divided into  a number of statements or subhypotheses which were 
examined to help evaluate the hypothesis. Close-ended questions 
allowed the opportunity for s t a t i s t i c a l  analysis and open-ended 
questions allowed determination of  the reasons why sc ien t is ts  and/or 
managers fee l  the way they do in t h e i r  responses. Appropriate  
s t a t i s t i c s  were used to determine i f  there is a d i f fe renc e  in the way 
s c ie n t is ts  perceive the i r  ro le ,  as compared to haw managers perceive 
the ro le  of  sc ient is ts .  The null hypothesis that  no s ign i f ican t  
d i f fe re n c e  exists between a t t i tudes of sc ient is ts  and managers could 
not be re jec ted .  The general hypothesis was accepted both by 
s c ie n t is ts  and managers.
v : i i
THE ROLE CF SCIENCE AND SCIENTISTS 
IN MARINE ENVIRONMENTAL POLICY AND MANAGEMENT
INTRODUCTION
The r o le  o f  science and s c i e n t i s t s  in environmental po l ic y  and 
management has been an area of  important,  complex, and controvers ia l  
debate f o r  many years (Haskins, 1964; Oubos, 1970; George, 1970; Ben- 
David, 1971; Grobste in ,  1962; M ul l ineaux,  1982) .
The purpose o f  t h i s  study 1s to determine how science comes to be 
used in  p o l ic y  and management and p a r t i c u l a r l y  the r o le  s c i e n t i s t s  
p la y .
S c ie n t is t s  and pol icy-makers are uncer ta in  how s c i e n t i f i c  fac ts  
are to be in te g ra te d  w i th  socia l  values.  S c ie n t is ts  are uncerta in  as 
to whether they should merely present f a c t s ,  leav ing  the po l icy  
judgement e n t i r e l y  to the p o l i t i c a l  decis ion-makers,  or  whether they  
should also advise p o l i t i c i a n s  which course the s c i e n t i s t  be l ieves  to 
be best .  P o l i t i c i a n s  are also uncer ta in  as to how much s c i e n t i f i c  
in fo rm at ion  they are supposed to absorb and how much dependence they  
should place on s c ie n t i s t s  for  guidance in reaching a judgement about 
p o l ic y  (Grobste in ,  1982) .
In t h i s  study, two c o n tras t in g  viewpoints of the r o le  o f  the 
s c i e n t i s t  were examined:
1) S c ie n t is t s  should only be responsible  fo r  presenting unbiased 
in format ion and must leave f i n a l  dec isions to the policy-makers  
and the pub ! ic .
Z )  S c ie n t is ts  should provide advice with regard to the im p l ica t ions  
o f  s c i e n t i f i c  in format ion and o f f e r  po l ic y  judgements.
■J
J
The f i r s t  view is represented by Handler ,  former Pres ident  o f  the  
National  Academy o f  Sciences in the  Wall S t r e e t  Journal o f  1975 ( i n  
Mull ineaux,  1982)* According to  him, once the s c i e n t i f i c  community 
has presented the fac ts  i t  must leave  f i n a l  dec is ions  to the p o l ic y ­
makers and the pub l ic .  S i m i l a r l y ,  two Execut ive Orders (1918, 1956) 
concerning the ro le  o f  the  Na t iona l  Research Council  in the  past have 
stated tha t  s c i e n t is ts  a re  to render  in fo rm at ion  to  those who are 
e n t i t l e d  to rece ive  i t ,  but they do not imply t h a t  s c i e n t i s t s  should 
o f f e r  t h e i r  judgement as to what pub l ic  p o l ic y  should f o l l o w  from 
t h e i r  studies.
Dubos (1961) in The Dreams o f  Reason embodies the second 
viewpoin t:  " I t  is for  so c ie ty ,  o f  course,  to d ec id e  what goals i t
wishes to reach and what r isks  i t  is w i l l i n g  to take .  But i t  is the  
task o f  the s c i e n t i f i c  community to  formula te  as c l e a r l y  as possible  
and to make pub l ic  the probable consequences o f  any step t h a t  i t  takes  
and o f  any ac t ion  tha t  i t  advocates. In  other  words, the  
r e s p o n s i b i l i t y  o f  the s c i e n t i s t  does not stop when he has developed 
the knowledge and techniques t h a t  lead t o  a process or a product.  
Beyond t h a t ,  he must secure and make p u b l i c  the k ind o f  informat ion on 
which the socia l  body as a whole can base the value-judgements tha t  
alone w i l l  decide p o l i c i e s . "
Does the s c i e n t i s t  now inform f e l l o w  c i t i z e n s  on important  
science-based issues? A re la te d  quest ion is :  Should he or she have
the r e s p o n s i b i l i t y  to do so? Before answering t h i s ,  i t  is  important  
to understand a number o f  concepts such as a t t i t u d e s ,  b e l i e f s ,  values  
and opinions;  to comprehend how s c i e n t i s t s  fu n c t io n ;  and to know 
a t t i t u d e s  the public  has towards science.  I t  i s  only a f t e r  doing so,
utha t  the issue o f  e f f e c t i v e  communication on s c i e n t i f i c  aspects o f  
v i t a l  issues can be addressed.
I t  can be argued that  many natura l  s c i e n t is ts  are notably  
"single-minded" and p r o fe s s io n a l ly  "simple-minded". They are '‘ s in g le -  
minded" in t h e i r  conv ic t ion  th a t  expansion o f  s c i e n t i f i c  knowledge and 
i t s  a p p l i c a t io n  is h ig h ly  d e s i r a b le ,  w i l l  br ing abundant b e n e f i t s ,  and 
u l t i m a t e l y  can y i e l d  d e f i n i t i v e  solut ions to most problems. They are 
"simple-minded" in t h a t  t h e i r  fo r te  is in framing questions in 
i s o l a t i o n  from complicat ing social  contexts .  They c re a te  c o n t r o l le d  
study environments in p ro b lem -so lv in g - lab o ra to r ies  and frame narrow 
hypotheses as a framework f o r  t h e i r  f i e l d  observat ions.  Usual ly ,  th is  
leads to "c lean" ,  d ec is ive  answers to questions tha t  have been 
i s o la te d  from usual " rea l  world" s i tu a t io n s .  Their  t r a in i n g  and 
exper ience teaches them to s n i f f  out and exclude special  i n t e r e s t s ,  
hopes, va lues ,  and a s p i ra t io n s  when approaching a problem (Grobste in ,  
1982) .
Vet ,  does pub l ic  p o l ic y  seek ob jec t ive  t r u t h  or  accommodation of  
c o n f l i c t i n g  views? A t t i t u d e s ,  values,  and a sp ira t io ns  are important  
fac tors  to be taken in to  account. Is there an essent ia l  ro le  fo r  
s c i e n t i f i c  and technologica l  input to pol icy  analysis? Is th is  r o le  
to open the dec is ion  process to the public - recogniz ing that  in human 
a f f a i r s ,  va lues ,  hopes and asp ira t ions  are of ten  as important,  or  even 
more important,  than neutra l  , ob jec t ive  facts? These are some of  the 
e th ic a l  cons idera t ions  inherent  in th is  study.
In order  to understand how the s c i e n t i s t  funct ions,  i f  he/she is 
e f f e c t i v e ,  or  how the output (products of  science)  is incorporated or 
evaluated in p o l ic y  and management, i t  is important to understand the
d i f f e r e n c e  between several terms such as a t t i t u d e s ,  b e l i e f s ,  opinions,  
values and hab i ts .
According to A l lp o r t  (1968),  an a t t i t u d e  is  a mental or neural  
s ta te  o f  readiness,  organized through exper ience,  exe r t ing  a d i r e c t io n  
or dynamic inf luence upon the i n d i v i d u a l ’ s response to a l l  objects and 
s i tu a t io n s  w ith  which i t  is  r e la te d .
Concepts th a t  are re la te d  to a t t i t u d e  include the fo l low ing:  
'B e l i e f ' 1 - Fishbein and Ajzen (1972 )  de f ine  b e l i e f s  as statements 
in d ic a t in g  a person’ s sub jec t ive  p r o b a b i l i t y  t h a t  an object  has a 
p a r t i c u l a r  c h a r a c t e r is t i c .  This v iew po in t  holds t h a t  b e l i e fs  are 
c o g n i t iv e  - thoughts and ideas, whereas a t t i t u d e s  are a f f e c t i v e  - 
f e e l in g s  and emotions.
"Opinion" - One viewpoint equates opinions w i th  b e l i e fs ;  they are 
g e n e ra l ly  narrower in content or scope than the broad o r ie n t a t io n  
which one c a l l s  a t t i t u d e ,  and they are p r im a r i l y  co g n i t iv e  ra th e r  than 
emotion-1aden. Or, one may say opin ions involve a person’ s 
judgements, whereas a t t i tu d e s  involve  a person’ s wishes and desires  
(McGuire,  1960),
'Value" - The most common view is  that  a va lue  is an important 
l i f e  goal or standard o f  behavior f o r  a person - a standard toward 
which the ind iv idual  has a strong p o s i t i v e  a t t i t u d e .  Values are the 
most important and central  elements in a person’ s system of  a t t i tu d e s  
and b e l i e f s .  They are ends rather  than means; they  are goals a person 
s t r i v e s  for  and which help to determine many o f  h is  or her o ther  
a t t i t u d e s  and b e l i e fs .
6"Habit" - Habits can be e a s i l y  d is t ingu ished  from a t t i t u d e s .
They are f requent ly  repeated patterns o f  behavior ,  whereas a t t i t u d e s  
are not behavior.  Habits are usually  qu i te  automatic and standardized  
in t h e i r  manner o f  performance, but they requ ire  the presence o f  the 
appropr iate  stimulus o b jec t  in order to occur. By contrast ,  a t t i tu d e s  
may be expressed in the absence of  the stimulus ob jec t .  Like  
a t t i t u d e s ,  habits  are acquired through exper ience; but un l ike  them, 
they are f requent ly  nonevaluat ive in nature.
In order to look a t  the process o f  incorporat ing  science into  
environmental p o l ic y ,  cora l  ree f  management has been chosen fo r  
i n ves t ig a t io n  and ana lys is .  This area is a subset of the general  
problem o f  submerged lands management. Coral r e e f  areas have been 
chosen p a r t ly  because the issues in  submerged lands management have 
not generated the p o la r i z a t io n  of  opinion tha t  surround many 
environmental issues ( i . e .  acid r a i n ,  s t r ip -m in in g ,  nuclear power 
generat ion,  e t c . ) .  In a d d i t io n ,  there  is a long h is t o r y  of  submerged 
land management fo r  s in g le  purposes, such as sand and grave l-min ing  
and o i l  recovery, which u n t i l  r e c e n t ly  has not concerned i t s e l f  with  
environmental issues. In recent years ,  however, environmental  
concerns in th is  area, as in many o thers ,  have taken on increasing  
importance. Much environmental concern and s c i e n t i f i c  study has been 
focused on coral reefs .
In t ry in g  to determine how the various p layers ,  i . e .  s c ie n t is ts ,  
managers and p o l ic y  ana lys ts  view the ro le  of s c i e n t i s t s ,  a synthesis  
of the science used to understand coral reefs w i l l  be developed to  
allow evaluation of  how t h i s  s c i e n t i f i c  information has bean used or 
not used in management or  po l icy  forming processes.
7Coral Reefs
Besides i n t r i n s i c  beauty, there  are also important economic and 
eco log ica l  values a t t r i b u t e d  to coral r e e fs .  Reef f is h  are important  
sources of p ro te in  and food f o r  many people l i v i n g  in the Tropics  
( E h r l i c h ,  1981}.  They are also an a e s th e t ic  resource important to  the 
t o u r i s t  industry ,  e s p e c ia l ly  f o r  SCUBA-diving and snorke l ing .  Some 
cora ls  are used in jew e lry  production.  Reef areas are o f  high 
p r o d u c t i v i t y  w i th in  the r e l a t i v e l y  unproduct ive ecosystems o f  the  
t r o p ic a l  seas (Grass le ,  1973}.  Coral ree fs  are a lso thought to  
p ro tec t  nearby shores and harbors from erosion and wave act ion  
(Lev in ton ,  1982) .  Healthy reefs  play a r o le  in beach s t a b i l i t y .  When 
l i v i n g  cora ls  on the ree fs  begin to d i e ,  the s t r u c t u r a l  framework of  
the r e e f  begins to  erode a t  a f a s t e r  r a te  than i t  can be r e b u i l t  by 
the remaining l i v e  c o ra ls ,  and the r e e f  s t ru c tu re  becomes weakened. 
Weakened and eroded r e e f  s t ru c tu res  sharp ly  increase the l i k e l ih o o d  of  
extens ive  damage to beach p ro p e r t ie s  during t imes of  t r o p ic a l  
depressions, storms and hurr icanes (Lev in ton ,  1982).  Reefs crea te  
vas t  evaporat ion lagoons between themselves and t r o p ic a l  shores which 
may be involved in r e g u la t in g  the s a l t  content o f  the oceans. They 
are known fo r  t h e i r  tremendous d i v e r s i t y  and complexi ty of  l i v i n g  
organisms (Grass le ,  1973) ,  Coral ree fs  provide the feeding grounds 
f o r  r e e f  organisms as well  as s h e l t e r  and h a b i t a t  ( E h r l i c h ,  1981).
The a e s th e t i c ,  economic and eco log ica l  values of  coral  reefs  have 
been e x te n s iv e ly  documented (Proceedings of  the Third In te rn a t io n a l  
Coral Reef Symposium, 1977; Proceedings o f  the Fourth In te rn a t io n a l
Coral Reef Symposium, 1981; Qdgen and G l a d f e l t e r ,  19Q3).
In some areas of the world concern over d e t e r i o r a t i o n  or
d es tru c t io n  o f  r e e f s ,  p a r t i c u l a r l y  th a t  a t t r i b u t e d  to man, has led to
8development o f  management s t r a t e g ie s  or  p lans to p r o t e c t  these 
resources. For Instance,  in  A u s t r a l i a ,  the  Great B a r r i e r  Reef is  
protected by a comprehensive marine resource management program. In 
the United S ta tes  s p e c i f i c  cora l  areas have been set  aside as marine 
sanctuar ies ,  i . e .  St .  Croix  - Buck Is la n d ;  Puerto Rico ■ La Parguera;  
F lo r ida  - Looe Key and Key Largo.
There is  extens ive  documentation o f  d e le t e r io u s  impacts o f  man on 
coral  reefs (McCloskey and Cheser, 1971; F ishelson,  1973; Campbell ,  
1977; Kinsey and Davies, 1979; Walker and Ormond, 1982; Dodge e t  a l , n 
1984) .  Many o f  the in d iv id u a l  p r a c t i c e s  d e t a i l e d  in  the planning  
documents or  re g u la t io n s  used to manage cora l  r e e f  areas are based on 
th is  documentation. How was the  in fo rm at io n  on man’ s impacts 
presented to the pol icy-makers? What r o l e  did s c i e n t i s t s  p lay  in th is  
t ransfer?  These are the questions tha t  I  w i l l  a t tempt  to answer.
Is t h is  t o p i c ,  co ra l  r e e f  management, a s u i t a b le  subject  f o r  a 
study of the r o le  of science and s c i e n t i s t s  in environmental  
management? I b e l ie v e  i t  isT One advantage o f  t h i s  area as a topic  
fo r  case study is the lack  o f  extreme p o l a r i z a t i o n  on the o v e r a l l  
Importance o f  these areas .  There may be d i f f e r e n c e s  on s p e c i f i c  
issues, but there  are no strong proponents o f  wholesale d e s t ru c t io n  of  
coral ree fs .
One area 1 have se lec ted  f o r  p a r t i c u l a r  study i s  the G reat  
B a r r ie r  Reef o f  A u s t r a l i a ,  The Great B a r r i e r  Reef is  considered to be 
a world h e r i ta g e  that  must be preserved (Commonwealth o f  A u s t r a l i a ,  
1981).
The Commonwealth o f  A u s t r a l i a  and the  State  o f  Queensland,  
through the Great B a r r i e r  Reef Marine Park A u th o r i t y  (GBRMPA) are
embarked on a coastal  and marine resources management program of  
tremendous scope and s ig n i f ic a n c e .
The A u s t ra l ia n  sect ion  o f  the Great  B a r r ie r  Reef ,  o f f  the  
northeast  shore of  Queensland, is about 1,200 miles (2 ,000  km.) long,  
encompassing approximately 80 ,000 square miles (207 ,000  sq. km.).
There are 1 ,500 to 2 ,000  i d e n t i f i e d  r e e f s .  About 70 of  these have 
developed r e e f  cays (cora l  sand is la n d s ) ,  which are important fo r  b i rd  
breeding and nes t in g .  The Reef is o f  world s ig n i f ic a n c e  for  t u r t l e  
breeding. S ix  species of t u r t l e s  are present.  About 2 ,000 species of  
f i s h  and 400 species o f  coral are n a t iv e .  Dugongs, dolphins and 
whales use the Reef lagoon. There are research f i e l d  s ta t io n s  on 
Heron, L iza rd  and Orpheus is lands .
The Great  B a r r i e r  Reef Marine Park A u thor i ty  Act o f  1975 created  
a s ta t u to r y  a u t h o r i t y  mandated to e s t a b l i s h  plans f o r  m u l t ip le -u s e  
management Of the B a r r i e r  Reef region.  B a s ic a l ly ,  G8RMPA is 
responsib le  f o r :
1) the conservat ion o f  the Great  B a r r i e r  Reef,
2) the r e g u la t io n s  f o r  use o f  the Marine Park, to p ro tec t  the Reef
while  a l lowing  reasonable use,
3) the r e g u la t io n  o f  a c t i v i t i e s  tha t  e x p lo i t  the resources o f  the 
Reef to minimize the e f f e c t  o f  these a c t i v i t i e s  on the Reef,
4} the rese rv a t io n  o f  some areas of the Reef f o r  apprec ia t ion  and 
enjoyment by the pub l ic ,
5) the p reserva t ion  o f  some areas o f  the Reef in i t s  na tura l  s ta te  
except fo r  purposes of  s c i e n t i f i c  research.
Three bodies p lay  s p e c i f i c  ro les  in developing and/or approving
p o l ic y  fo r  proper management and conservation of  the Great B a r r ie r
Reef .  These are:
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1) a Queensland ~ Commonwealth Municipal Council ,
2) a three-member governing Author i ty ,
3) a 15-member Consul ta t ive  Committee.
I t  seems t h a t  much is  being done in A u s t ra l ia  in the way of p o l ic y -  
making and management of coral r e e fs .
OBJECTIVE
The object ive  of  th is  study is to see i f  science and s c ie n t is ts  
play a ro le  in pol icy  formation and management or  how science is used 
in the development o f  policy which can u l t i m a t e ly  be used fo r  an 
e f f e c t i v e  management plan. This involved examining what s c ie n t is ts  
are doing and have done, determining i f  they have been e f f e c t i v e ,  and 
i f  not,  why not?
i.
HYPOTHESIS
During the course of  t h is  study, a general hypothesis was 
eva luated:
" S c ie n t is ts  do not play a ro le  in promoting or  
encouraging science as a means o f  changing a t t i t u d e s  
and opinions o f  management and the pub l ic  so as to  
in f luence  p ub l ic  p o l ic y  and u l t i m a t e l y  environmental  
management."
Concerned laymen c la im th a t  managers have of ten ignored science  
in e f f o r t s  to serve development-minded c l i e n t e l e .  Is t h i s  t rue? And 
i f  so, can one perhaps foresee the r o le  o f  the s c i e n t i s t  changing from 
one who only "seeks t r u t h  and knowledge" to one who also is concerned 
with  the u t i l i z a t i o n  o f  th is  knowledge in p o l ic y  matters for  
management plans through d i r e c t  in te r v e n t io n  as an adv isor  or 
act i vi  st?
r j
METHODS
A case study approach using coral reefs  was taken which was 
supplemented by quest ionnaires completed during in te rv iew s .
Management plans e x is t  fo r  coral reefs  in such areas as 
A u s t r a l i a ’ s Great Barr ier  Reef (Salm and Clark,  1984J; Jamaica’ s Ocho 
Rios Marine Park System (M a i le r ,  1984); Angui l la  (Jackson, 1981); St .  
Croix’ s Buck Is land (DOI, 1903);  the Netherlands A n t i l l e s  including  
Bonaire (Van’ t  Hof,  1982) and Curacao Marine Parks (Van’ t  Hof, 1985);  
Puerto Rico’ s La Parguera National Marine Sanctuary (DOC, 1983); and 
several o f  the F lo r ida  reefs such as Key Largo (DOC, 1979) and Looe 
Key Marine Sanctuaries (DOC, 1983). The use of science in development 
of these plans was examined.
The management plans of the ind iv idual  ree f  areas were thoroughly 
analyzed. The extent to which natural resources of  the marine park or  
sanctuary were described, and the uses, impacts, and ob ject ives  of  the 
plans were evaluated. The use of science in management was examined, 
p a r t i c u la r l y  as to whether primary or  secondary sources were employed. 
The case studies reviewed the s c i e n t i f i c  j u s t i f i c a t i o n  fo r  policy  
and/or management approaches and t r i e d  to determine how th is  
information was transmit ted to the p o l ic y  def iners  or managers. In 
other words, what is the source of science used f o r  management plans 
or po l ic ies?  Is i t  from primary, re fe re e d ,  l i t e r a t u r e ,  management- 
oriented "grey" l i t e r a t u r e  reports,  or popularized a r t i c l e s ?  Do the  
in terpre ta t ions come from sc ie n t is ts  themselves, or are they evaluated
Hby s c i e n t i f i c a l l y  t ra ined  bureaucrats? Is there a re la t io n s h ip  
between expected resul ts  published in the s c i e n t i f i c  l i t e r a t u r e  and 
actual management plans? How the management plans were developed, 
whether or not they are e f f e c t i v e ,  and what recommendations can be 
made f o r  improvement were the subjects of analysis.  P a r t ic u la r  
a t te n t io n  was paid to developing examples o f  how s c i e n t i f i c  
in te ra c t io n  has resu l ted  in spec i f ic  regulations or p o l ic ie s .
Interviews made up the second component of the study. In order
to evaluate the general hypothesis,  an attempt was made to evaluate  
the fo l lowing ten sub-hypotheses, or proposit ions:
1) I f  s c i e n t i f i c  research is "pure" or "basic,"  then the resu l ts  w i l l  
not be d i r e c t l y  u t i l i z e d *
2 )  The more formal education one has, the more one w i l l  u t i l i z e  the
s c i e n t i f i c  information re levant  to policy-making and/or management 
det i  s ions.
3} S c ien t is ts  in natural resource f ie ld s  do not give advice tha t  has
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a p p l i c a b i l i t y  to immediate problems 1n management.
4) S c i e n t i f i c  advice is  sought from research personnel to gain 
support fo r  opinions and object ives ra th e r  than obtain unbiased 
advice on management choices.
5) Sc ien t is ts  are not "ac t iv e ly "  involved in inf luencing public  
po l icy .
6) S c ie n t is ts  involved in management decision-making v i o l a t e  the 
s c i e n t i f i c  e th ic  of avoiding bias in t h e i r  actions,
7) Research reports are often w r i t ten  in language tha t  ne i ther  
"managers" nor the "public" can understand.
8) S c ien t is ts  seldom communicate t h e i r  knowledge to the public  
e f f e c t i v e l y .
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9) S c ie n t is ts  fee l th a t  they should not concern themselves w ith  
a t t i t u d e s ,  values and be l ie fs  the public  has towards management of  
resources,  nor do they feel i t  is t h e i r  "duty" to change them.
10) S c ie n t is ts  fee l th a t  th e i r  r o le  is only to  seek knowledge and 
t r u t h ;  th a t  they are not q u a l i f i e d  to make val ue- judgements.
A p i l o t  t e s t  was given to one individual  from Jamaica, one 
i n d iv id u a l  from Puerto Rico, and 16 ind iv iduals  on the s ta f fs  o f  the 
V i r g i n i a  I n s t i t u t e  of Marine Science ( s c i e n t i s t s )  and the V i r g i n i a  
Marine Resources Commission (managers). The r e s u l t s  o f  th is  p i l o t  
t e s t  were used to develop the te s t  veh ic le .
For each o f  these 10 sub-hypotheses, questions (both close-ended  
and open-ended) were developed f o r  use during in te rv ie w s .  The 
in te rv iew s  consisted o f  asking 10 open-ended quest ions fol lowed by 50 
close-ended statements (see Appendix A). One must note here t h a t  
these sub-hypotheses were b a s ic a l ly  statements which provided the  
r e l a t i v e  framework f o r  the study and were not n e c e s s a r i ly  proven or  
disproven.  But they d id ,  when considered with the re s u l ts  o f  
q uest ionna ires  and interv iews,  help  to determine the a t t i t u d e s  o f  
s c ie n t i s t s  and managers in environmental management and p o l ic y .  Also, 
they d id  ass is t  in evaluating how the various i n d iv id u a ls  perceived  
the r o le  of the s c i e n t i s t .  The close-ended quest ions al lowed the  
opportun i ty  fo r  s t a t i s t i c a l  ana lys is .  Open-ended questions al lowed  
the in te rv ie w e r  to probe for the reasons why s c i e n t i s t s  and/or  
managers made t h e i r  responses.
Structured  interv iews were conducted with a number o f  s c ie n t is ts  
and managers responsible for marine environmental p o l ic y  formation.  
Thus, the primary data for  this por t ion  of the study were c o l l e c t e d  by 
in te rv iew ing  ind iv idua ls  who were or are p resen t ly  p lay ing  an a c t iv e
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role  in the development of  coral r e e f  po l icy  and those a c t iv e  or  
formerly act ive  in coral r e e f  research.
T h i r t y - s i x  ind iv idua ls  were interv iewed (18 managers and 18 
s c ie n t is ts } .  The interviews lasted between one and four hours per 
person, the m ajor i ty  running two hours (see Appendix B ) , Respondents 
c la s s i f ie d  themselves as s c ie n t is ts  or managers. The respondents were 
chosen from d i f f e r e n t  categories o f  employment, w i th  vary ing degrees 
of experience and education in t h e i r  backgrounds (Tables 1 and 2 ) .
Personal interv iewing was the pre fer red  method of c o l l e c t in g  
data. Due to the nature of  the information sought, i t  was f e l t  th a t  a 
potent ia l  respondent might not understand a mailed que s t io n n a i re .  I t  
was also important fo r  the in te rv iew er  to have the opportuni ty  to  
perceive any kind of possible resentment and reduce i t s  e f f e c t s .  
Because responses to the quest ionna ire  were obtained dur ing t r i p s  to 
Washington, D .C. ,  and various places in F lo r id a ,  1 was able to  
evaluate and gain considerable in s ig h t  as to how in terv iewees perce ive  
the ro le  o f  the s c i e n t i s t .  The probes allowed f o r  much discussion and 
better  rapport  which proved to be inva luab le  fo r  i n t e r p r e t a t i o n  of  
data. Most ind iv iduals  responded w i th  openness and no apparent  
constra ints .  C o n f id e n t ia l i t y  of s p e c i f ic  statements made by s p e c i f ic  
ind iv iduals  has been respected. As des irab le  as f a c e - t o - f a c e  
interviews were, a few telephone interv iews were necessary.
An in terv iew schedule with p e r t in e n t  questions was prepared to 
structure the interviews so tha t  information obtained on the  
hypothesized factors was as uniform as possib le.  In order to be as 
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A search o f  Environmental Bibliography (which covers f i e l d s  of  
general human ecology, atmospheric studies, energy, land resources,  
water resources and n u t r i t i o n  and health;  w ith  more than 300 
per iod ica ls  indexed from January 1974-March 1986) indicated 303 papers 
published on the subject "coral" ( inc luding coral ree fs ,  coral reef  
management and/or impacts}.  Four hundred and seventy d i f f e r e n t  
authors presented papers at the Proceedings o f  the Fourth 
In te rna t iona l  Coral Reef Symposium in 1981. Based upon these f igures ,  
I est imate the number o f  sc ie n t is ts  and managers publishing in the 
area of  coral r e e f  or coral ree f  management a t  300-600 ind iv idua ls .
My sample size of 36 t the re fo re ,  probably represents 6V12% of  the 
populat ion.  I consider th is  a "good" sample. With th is  la rge  sample 
size to population s ize  r a t i o ,  I can conf ident ly  assume tha t  another 
sample of  equal s ize would give s im i la r  responses.
Appropriate s t a t i s t i c s  such as chi-square (Ferguson, 1971) and 
L ik e r t  mean scares (B la lock,  1974) were used to eva luate responses to 
close-ended questions. The r e l i a b i l i t y  of  L iker t  scales as a method 
of  measuring a t t i tu d e s  has been shown to be high (Murphy and L ik e r t ,  
1938; McNemar, 1946; Poppleton and Pi lk ing ton ,  1964). In th is  method, 
a large number o f  opinion statements on a given topic  are co l lec ted  
and phrased in such a way tha t  they can be answered on a f i v e -p o in t  
scale.  This procedure is based on the assumption tha t  a l l  o f  the 
items are measuring the same underlying a t t i t u d e ,  As a consequence o f  
th is  assumption, i t  fol lows that  a l l  items should be p o s i t iv e ly  
corre la ted ,  which may impose constra ints .  A number of  v a r ia t io n s  have 
gained wide usage. One v a r ia t io n  is to e l im ina te  the ' 'undecided1’ 
category (which was done fo r  th is  study), thus forc ing respondents to 
choose between favorable  and unfavorable stances (Oskamp, 1977).  The
n u l l  hypothesis s ta tes  that  no actual d i f fe re n c e s  e x i s t  between the 
observed and expected frequencies. The chi -square d i s t r i b u t i o n  is 
used to t e s t  s ig n i f ic a n c e  o f  the nul l  hypothesis.  Responses may be 
reduced to a 2 x 2 tab le  in order to t e s t  s ig n i f ic a n c e  of ch i-square.  
This procedure has been adopted for t h i s  study and considered  
l e g i t i m a t e .  The procedure for  tes t in g  the s ig n i f i c a n c e  o f  the 
d i f f e r e n c e  between both independent and co r re la te d  proportions was 
adopted (Ferguson, 1971).
The d iscussion and analys is  o f  the  responses are presented in the 
form of arguments f o r  and against the stated hypothesis .
RESULTS
Analysis o f  Questionnaire
Tables 3-12 summarize the responses given to questions by 
environmental managers and s c ie n t is ts  under each o f  the 10 
proposit ions.  Ca lcu la t ions  of chi -square fo r  each of  the questions as 
well  as L ik e r t  mean scores fo r  appropria te  questions are tabu la ted .
No s ig n i f i c a n t  d i f fe rences  were detected between a t t i t u d e s  o f  
s c ie n t is ts  and managers fo r  a l l  but three questions, numbers 28, 31 
and 42. The probes, however, lead to discussions during the  
interviews which revealed marked d i f fe ren c es  of opinions,  a t t i tu d e s  
and b e l ie fs  between s c ie n t is ts  and managers.
The fo l lowing are the re s u l ts  of  the discussions o f  each 
proposit ion by s c ie n t is ts  and managers.
[ 11 I f  S c i e n t i f i c  Research Is "Pure" Or " S a s ic ”. Then The Results 
Wil l  Not Be D i r e c t l y  U t i l i z e d
The n u l l  hypothesis that  n o  s i g n i f i c a n t  d i f f e r e n c e  e x is ts  between 
a t t i tu d e s  of s c ie n t is ts  and managers cannot be re je c te d  {Table 3 ) .
Managers and s c ie n t is ts  gave s im i la r  opinions as to why they 
considered there to be a d i f fe re n c e  between "appl ied" versus "bas ic1’ 
research. ' 'Basic’1 research was thought to be " in v e s t ig a t in g  questions  
fo r  purely academic reasons, science fo r  sc ience’ s sake, searching for  
answers to questions fo r  the purpose o f  s c i e n t i f i c  discovery .  I t  is a 
s a t is fa c t io n  of  i n t e l l e c t u a l  c u r io s i ty  about a process with no vested
22
a





V \ -1 
E  H
S  O








* 4 a  4
j-4 5  M
S . JH U
A ■*4 •
« 11 1
La *  * f
h  4 a
3 H  U 4  Q
[ f l U  ( 4 km a -l
H * 4
p J M t 4 1  *
a 4  * — ' «
s a ?




















9 *  i
Pm • Mk V
E >
U ■SI «
4 D l K  f -<
pH •4
3 *d  lA
n 3 * d  O
( f t ■
d i HJ
*-■ •H  4J
b £ 3 3 W  d









W h  «
o O ft km
ir t d  d
4  4
u  14





H U ) a-i «
p H m  a A
t f l v l  V A
o X  V ■tH
Ob O  km










4 S  V
4 O4 wn O mfcTl VI in& 4  4  4 4
O —m 4
4  4 *h
O 4in in
rsN 4  4  4  m
A 4 Hi
mm ■M 4-1
IB a A id A A LB
■ P4 In • ^ • r f U
—I 01 W 0» Qi ■J Oh
a a r d 1= Q fl d P d
n 4 t i 4 4 ) n V 4
















£ki U 4. ti
TJ* s■ 4
4  OI> 4-  
l-f
4  h  V "  A « H Jrf
h au □
q4 4h 



















































































































































































































nin te re s ts  nor motives and with no a p p l i c a t io n ,  m a t e r ia l  ga in ,  nor  
guidance. I t  is the  freedom to wonder and pursue any s tudy."
"Appl ied11 research was thought " to  have Immediate a p p l i c a t i o n ,  with a 
sp e c i f ic  reason or problem that  requ ires  a s p e c i f i c  end product .  The 
problem is  previously  def ined,  and the  answers w i l l  be immediately  
used to prov ide  a b e n e f i t  to s o c i e t y . "  Managers added th a t  i t  deals  
with management issues and is  " d i r e c te d  research w i th  a d i r e c t e d  
a p p l i c a t i o n ."
Quite  a few s c i e n t i s t s  and managers (61%) (T ab le  3, Question Z )  
bel ieved t h a t  s c ie n t i s t s  involved in "pure" research are  in te re s te d  in 
how t h e i r  research w i l l  e v e n tu a l ly  be a p p l ie d .  One reason g iven  was 
th a t  s c i e n t i s t s  have an "ego"; they  want t h e i r  work to  be o f  some 
value or use so th a t  i t  w i l l  not be f o r g o t te n .  Some managers bel ieved  
th a t  "even though "pure" s c i e n t i s t s  are in te r e s te d  in having t h e i r  
work app l ied  to management problems, i t  i s  na ive  on the s c i e n t i s t s '  
part  to t h i n k  so, because "pure" research u s u a l ly  i s  not a p p l i c a b l e , 1'
S c ie n t is t s  (72£)  and managers (78%) (Tab le  3 ,  Question 3)  both 
f ind  "grey" l i t e r a t u r e  use fu l ,  and when th e re  is  s c i e n t i f i c  c r i t i c i s m  
o f  a management proposal ,  management agencies w i l l  take  account of  the 
"applied" research. "Pure" research u s u a l l y  would not  be considered  
by management. Managers f e l t  t h a t  there  u s u a l ly  was not any 
c r i t i c i s m ,  and i f  th e r e  was, a d d i t io n a l  in fo rm a t io n ,  i f  v a l i d ,  would 
ju s t  be incorporated in to  the p lan  w ithout  any f u r t h e r  research.
D esp i te  i ts  recognized use fu lness ,  c e r t a i n  weaknesses or concerns 
regarding "grey" l i t e r a t u r e  were expressed by respondents. These 
concerns were: lack  o f  s c i e n t i f i c  or te c h n ic a l  r i g o r ,  lack o f  wide
c i r c u l a t i o n ,  lack o f  a c c e s s i b i l i t y ,  and i n a b i . i t y  to  lea rn  o f  i t s  
exis tence .  Despite c r i t i c i s m s  o f  lack  o f  scie^u i c  r i g o r ,  same
2b
managers f e l t  even "g rey” l i t e r a t u r e  was o f ten  too technical  and 
t h e r e fo r e  d i f f i c u l t  to read.
There was general consensus on t h i s  question.  In genera l ,  the 
responses given by both s c i e n t i s t s  and managers support the 
propos i t ion  t h a t  "pure” research is not  usually  d i r e c t l y  u t i l i z e d .
This is accounted f o r  by the d e f i n i t i o n s  given, by the importance 
given to "grey" l i t e r a t u r e  and "appl ied" research to management and by 
the a t t i t u d e s  and reasons given as to why "pure" s c ie n t is ts  are  
in te re s te d  in the a p p l ic a t io n  o f  t h e i r  work. A m in o r i ty  expressed the  
opinion th a t  on ly  a f i n e  l i n e  e x is ts  between "basic" and " a p p l ie d ” 
research,  f o r  i t  is a continuum. To them there should not be a 
dichotomy; f o r  1f research is  posing questions and using the 
s c i e n t i f i c  method, th e re  should not be a d i s t i n c t i o n  between "basic"  
and "appl ied" science.
[2 ]  The More Formal Education One Has. The Wore One W i l l  U t i l i z e  The 
S c i e n t i f i c  In form at ion  Relevant  To Policy-Making And/Or 
Management Decisions
The null  hypothesis tha t  no s i g n i f i c a n t  d i f f e r e n c e  ex is ts  between 
a t t i t u d e s  of  s c i e n t i s t s  and managers cannot be re je c te d  (Table 4 ) .
Both s c i e n t i s t s  (55%) and managers (33%) th a t  agreed with th is  
statement gave e s s e n t i a l l y  s im i la r  reasons in response to the probes 
(Tab le  4, Question 5 ) .  Experience was considered more important than 
formal educat ion. In f a c t ,  some managers bel ieved tha t  advanced 
t r a i n i n g  can be an impediment to the u t i l i z a t i o n  of  science in 
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proposit ion or sub-hypothesis was re fu ted  by the answers given by both 
managers and s c ie n t is ts .
[3] S c ien t is ts  In Natural Resource F ie lds Do Not Give Advice That Has
A p p l i c a b i l i t y  To Immediate Problems In  Management
The null  hypothesis t h a t  no s i g n i f i c a n t  d i f fe re n c e  ex is ts  in 
a t t i tu d e s  between s c ie n t is ts  and managers cannot be r e je c te d  {Table  
5) .
S c ien t is ts  and managers (89ft) thought th a t  research on the  
applicat ions o f  science is a v a l id  and proper  ro le  fo r  the s c i e n t i s t  
{Table 5,  Question 6 ) ,  Host bel ieved tha t  one is a s c i e n t i s t  whether  
involved in ' 'basic" or "appl ied" research.
Management decisions are thought to be influenced both by an 
indiv idual  s c i e n t i s t ’ s work and the work done by the s c i e n t i s t ’ s 
peers.
I f  the s c i e n t i f i c  study is designed s p e c i f i c a l l y  to  d i r e c t  
management and i f  s c ie n t is ts  communicate t h e i r  data to  the managers, 
then i t  was thought by more s c i e n t is ts  (94ft) than managers (72ft) that  
s c i e n t i f i c  research helps solve some of the immediate problems in  
management {Table 5, Question 8 ) ,
Though most sc ie n t is ts  f e l t  tha t  i d e a l l y  they should vo lunteer  
advice or c r i t i c i s m  an a management plan, e s p e c ia l ly  i f  i t  goes 
contrary to t h e i r  f ind ings ,  they were s t i l l  hes i tant  to do so. The ir  
concerns were t h a t  ones a plan is approved, i t  is too l a t e  to do 
something about i t  because managers w i l l  not l i s t e n  at  that  po in t .  
Scien t is ts  only l i k e  to get involved with issues about which they feel  
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involved from the beginning by g iv ing  t h e i r  recommendations, yet  
complain about the plans at the end when an " i n s t i t u t i o n a l "  decision  
has been made.
Most managers (67%) and s c ie n t is ts  (72%) agreed th a t  i t  is not 
the function o f  research s c ie n t is ts  to develop t h e i r  f ind ings into  
management pract ices,  rather  i t  is the task o f  management agencies,  
f o r  they f e l t  that sc ien t is ts  are not t ra ined  to do so (Table 5,
Question 11).
There was almost unanimous consent (100% s c ie n t is ts  and 89% 
managers) that  a l l  research is not geared towards "rea l  world" 
problems, nor should i t  be (Table 5,  Question 1 2 ) .  The most common 
response was that  sc ien t is ts  should be given the academic freedom to  
pursue any subject.  Otherwise, d i c t a t i n g  what study should be done 
was thought to be detrimental to independent th ink ing  and c r e a t i v i t y .
In addit ion , some respondents f e l t  tha t  i t  would be impossible to 
def ine  what a "real world" problem would be. A l l  research was 
believed to have value, and at times the grea tes t  advances were made 
in areas of research thought to be o f  leas t  importance.
Although one cannot strongly accept or r e j e c t  th is  proposit ion ,  
the interviews seemed to ind ica te  th a t  advice to solve immediate 
problems 1n management is not o f ten  given by s c ie n t is ts .
[4]  S c ie n t i f ic  Advice Is Sought From Research Personnel 8v Managers
To Gain Support For Opinions And Objectives Rather Than Obtain
Unbiased Advice On Management Choices
The null hypothesis that no s ig n i f ic a n t  d i f fe re n c e  exis ts  between 















W  V >
N







































^  >  
5J 9
a  
-  m  
z  «  
3  ^
E 2
t f l  ±3
£ *
O  — ■ 






t j id.o' a
U  v 1]t l X
s  a
■J-5 fl# 






t f l 
i^
















i r )  w U
W  P 4
4  « m
9E  ( i
a  • - a
fiL, V
4  4






2  K  l
JJ 1*3 □ -Vl
— X G VI
3  2  1
U Si




i f l  J l
















*#i 4 * A IB- j! u 3 4fll «J bJ kJ 4_d 4-« u5 3
•HI •A 14 d 4 u « 4 •Jl * * IB•e L. kw J-S bn -H u 'w ■M fl
ti +J V i_S V BJ OJ kJ a> •M V Q o A
si B eri e u P b4 c c* c »
£U V 4 V 41 4* * V 4 u m ■— ■kri
s -—■s ■ *4 c ft c ■H ti U V «
V u fl u fl r_i. 4 IJ rt u m J J VI
del VI X W X U* X WJ X n X p iJ1 * * 3 J 34
1 C B m
fll fl
£l 1—1 1—1 flfl 4 £
w| l*"l sf ■l^ i e^- j_r










































































































































































































































































































There was no consensus as to whether or not  managers constant ly  
demand s c i e n t i f i c  in formation and knowledge from s c i e n t i s t s  to use in 
pol icy -m ak ing  and management decisions. Some s c ie n t i s t s  (39%) (Table  
6, Question 13) thought th a t  managers asked c o n s ta n t ly ,  others thought  
they asked o c c a s io n a l ly .  Those sc ie n t is ts  who did not mind being 
asked f e l t  th a t  they are not o f ten  asked because managers e i th e r  did  
not t r u s t  them or did not want In te r fe rence .  Other s c ie n t i s t s  minded 
being asked when they were not in terested In g e t t in g  involved.
Managers in  general f e l t  that  sc ie n t is ts  do not mind being asked, but 
when q u ick  answers cannot be g iven by s c i e n t i s t s ,  they must make 
dec is ions  w ithout  s c i e n t i f i c  input .
Whi le  developing a management plan, managers consulted p ro je c t  
planners and "appl ied" s c i e n t i s t s  more so than "basic" s c i e n t i s t s .  
Engineers were r a r e l y  consulted. Much depended on the pro jec t  i t s e l f  
and the  manager's background. Managers f e l t  t h a t  many s c ie n t is ts  did  
not help  them in long-term planning,  ra ther  they proposed research  
top ics  t h a t  in te re s te d  the s c ie n t is ts  themselves.
There was no c l e a r - c u t  consensus as to whether or not unbiased 
in fo rm at io n  was sought to  shed new l ig h t  on management problems or the 
in fo rm at io n  sought from s c ie n t is ts  was to support the manager's 
o p in io n .  Some s c ie n t is ts  bel ieved that unbiased advice is  taken,  
o th e r  s c i e n t i s t s  disagreed. Others admitted th a t  due to time 
c o n s t r a in t s  and p o l i t i c s ,  a manager may have a preconceived idea and 
seek s c i e n t i s t s  who w i l l  support i n s t i t u t io n a l  des ires .
There is  no conclusive opinion on th is  p ro p o s i t io n .  I f  
s c i e n t i s t s  are consulted, which does not seem to be o f te n ,  at t imes i t  
may be to  support the manager's opinion and at  other  t imes to obtain  
unbiased adv ice .
' J l
[5J S c ien t is ts  Are Not "A c t ive ly1’ Involved In In f luenc ino Public  
Policy
The nul l  hypothesis th a t  there is no s i g n i f i c a n t  d i f f e r e n c e  
between the a t t i tu d e s  of s c ie n t is ts  and managers cannot be re jected  
(Table 7 ) .
Through discussions held with in terv iewees,  four models o f  
p a r t ic ip a t io n  in policy-making were i d e n t i f i e d :
1) a c t iv e  involvement in a l l  three phases,
2) lesser  involvement in l a t e r  phases,
3} passive involvement in i n i t i a l  phases,
4) no involvement in any phase.
Some believed policy-making is outside the domain o f  exper t ise  of  
the s c i e n t i s t .  Others believed that so long as s c ie n t is ts  do not lose 
t h e i r  i n t e g r i t y  and c r e d i b i l i t y ,  they should not be excluded from the 
process. Otherwise, i t  was f e l t  that  without s c i e n t i f i c  input ,  
decisions would only be based on  p o l i t i c s  and economics.
In general ,  more managers (78ft) than s c ie n t is ts  (56%) thought  
tha t  sc ie n t is ts  concerned themselves w ith  in f luenc ing p o l ic y  (Table 7. 
Question 20) .  Managers f e l t  that  s c ie n t is ts  could be very opinionated  
and should at times make strong statements as a social  o b l ig a t io n .
Most sc ie n t is ts  (88%) and managers (84%) agreed tha t  i t  is not 
appropr iate for sc ie n t is ts  to represent themselves as experts in an 
area not d i r e c t l y  in th e i r  f i e l d  of  experience during formal 
proceedings involving pol icy matters (Table 7, Question 19) .  The main 
object ion was that  there would be mi s in te r p r e ta t io n s  of  s c i e n t i f i c  
fac ts .  I t  was thought that  ge t t ing  involved as c i t i z e n s  would be more 
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Scient is ts  and managers expressed d i f f e r e n t  opinions as to how
act ive ly  sc ie n t is ts  are or  should be involved in public  p o l ic y .  I t
seems that  sc ie n t is ts  are more of ten involved in only c e r ta in  phases
of  public policy than in a l l  phases.
[6] Sc ient is ts  Involved In  Management Decision-Making V io la te  The
S c ie n t i f i c  Ethic Of Avoiding Bias In The ir  .Actions
The null  hypothesis t h a t  no s i g n i f i c a n t  d i f fe re n c e  ex is ts  between
at t i tudes  of  sc ien t is ts  and managers cannot be re je c te d  (Table 8 ) .
Sc ient is ts  and managers unanimously (100%) agreed tha t  when 
managing a resource, not only must the s c i e n t i f i c  information re levant  
to the natural resource be considered, but c u l t u r a l ,  s o c ia l ,  economic 
and p o l i t i c a l  factors are also of Importance (Table 8,  Question 21).
Almost a l l  respondents agreed th a t  they must "manage people1' as 
w e l l .  Three separate approaches to management came about from the 
di scussions:
1) educate or guide people passively ,
2}  indoctr inate  people u n fa m i l ia r  with the resource,
3) force upon people c e r t a in  ideas p er ta in in g  to the values of  
resources,
No matter what term was used, a l l  agreed th a t  "something must be 
done to meet management goa ls ."  "Without recognit ion and respect,  
goals and object ives can be useless."
Most sc ien t is ts  (94%) and managers (78%) thought tha t  s c i e n t i f i c  
research involves adhering to a set of  s c i e n t i f i c  e th ics  or codes 
(Table 8, Question 22). When asked what these e th ics  are,  the main 
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1} unbiased presenta t ion  o f  data,
2) seeking the t r u t h ,
3) adher ing to the s c i e n t i f i c  method,
4) r e p r o d u c i b i l i t y  of work,
5) openness and i n t e g r i t y ,
6)  o b j e c t i v i t y  and a cc o u n tab i l i ty ,
7) conduct ing o r i g in a l  research,
8 J c u r i o s i t y ,
9) not misusing funds for  research.
These e th ic s  were thought to have been derived h i s t o r i c a l l y  from 
common law, western c i v i l i z a t i o n  and Greek philosophy based on 
r a t i o n a l i t y ,  and through common sense and past experiences.
Respondents mentioned two forms of m ot iva t ion .  External  
m o t iv a t io n  includes fac tors  such as peer pressure. In te rna l  
m o t iv a t io n  includes in te re s t  in one's work, making a l i v i n g ,  being 
consc ien t ious  and honest, d es ir ing  to advance knowledge, and making a 
p o s i t i v e  c o n t r ib u t io n  to soc ie ty .  Achieving s e l f -w o r th ,  se l f -es teem  
Or acceptance were other mot ivations,  a l l  o f  which require  one to have 
s e l f - m o t i v a t i o n  and s e l f - d i s c i p l i n e .
At the opposite  end a m inor i ty  of managers (22%) and s c i e n t i s t s  
(6%) thought t h a t  s c i e n t i f i c  e th ics  do not e x is t  (Table 8, Question 
2 2 ) ,  "That one need not have e th ics  to be a s c i e n t i s t ,  fo r  i t  would 
be too r i g o r o u s , 1 They contended that  " i t  was not uncommon f o r  a 
s c i e n t i s t  to manipulate the data f o r  d es irab le  r e s u l t s ,  e s p e c ia l l y  in 
a p p l ie d  rese arch ."
A few s c i e n t i s t s  (6%) and managers (17%) were o f  the opin ion tha t  
s c i e n t i s t s  v i o l a t e  s c i e n t i f i c  e th ics  when involved in management
1(}
decis ions because of ten the s c i e n t i f i c  method must be compromised 
(Table 8,  Question 23).
Although most respondents said that  s c ie n t is ts  do not have moral 
a u th o r i ty ,  a few thought they do because s c ie n t is ts  possess knowledge. 
When asked i f  sc ie n t is ts  are torn between s c i e n t i f i c  e th ics  and 
p o l i t i c a l  e t h ic s ,  the responses were:
1) they are not ,  because both are the same e th ics ;
2) they are not,  because being d i f f e r e n t  e t h ic s ,  there should be no 
c o n f l i c t s ;
3) s c ie n t is ts  have convictions,  whereas p o l i t i c s  is the a r t  of the  
possible whereby compromises are made by p o l i t i c i a n s .
For the most par t ,  from the responses given,  one may r e je c t  the 
proposit ion  th a t  sc ie n t is ts  Involved in management decision-making  
v i o l a t e  s c i e n t i f i c  e th ic s .
[7] Research Reports Are Often Writ ten In Language That Neither  
Managers Nor The Public Can Understand
Two questions, numbers 28 and 31, were answered d i f f e r e n t l y  by 
s c ie n t is ts  and managers. For a l l  other statements, the n u l l  
hypothesis tha t  no s ig n i f i c a n t  d i f fe re n c e  between these groups ex is ts  
cannot be re jec ted  (Table 9 ) .
Though s c ie n t is ts  are thought to be involved in more than one 
p r o je c t  at a t ime, ra re ly  are the pro jects  s i g n i f i c a n t l y  d i f f e r e n t  
from each other .  A m ajor i ty  of respondents (89% of  the s c ie n t is ts  and 
73% o f  the managers) agreed that s c ie n t is ts  are not able to keep up 
with the most recent l i t e r a t u r e  in areas in which they are not 
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l i t e r a t u r e  than n o n s c ie n t is t s  (Table 9 ,  Question 24 ) .  S c ie n t is ts  t ry  
to keep up with the l i t e r a t u r e  by reading Journals,  at tending  
professional meetings and conversing w ith  col leagues.
More managers (89ft) than s c ie n t is ts  (72ft) thought th a t  most 
research reports can be read and understood by s c i e n t i s t s  (e s p e c ia l ly  
i f  i t  1s within  t h e i r  f i e l d ) .  Only 17% of the s c i e n t i s t s  and 39% of  
the managers agreed that  managers could understand most research 
reports  (Table 9, Questions 25, 26) .  Though s c ie n t i s t s  bel ieved that  
managers with s c i e n t i f i c  backgrounds should be able to  read and 
understand the reports,  managers complained tha t  at present ,  the way 
reports  are w r i t te n ,  they cannot read them. Both groups suggested two 
reports ,  one fo r  the technical  person and one fo r  the  manager, should 
be prepared. Managers f e l t  that  though executive summaries were 
a v a i l a b le ,  they were of ten not well  w r i t t e n .  One hundred percent of  
the sc ie n t is ts  and 38% of  the managers thought t h a t  most research 
reports  cannot be read and understood by the pub l ic  simply because the 
public  is not s c i e n t i f i c a l l y  l i t e r a t e  (Table 9,  Question 27) .
There was disagreement between s c ie n t is ts  and managers as to 
managers* comprehension o f  the language used 1n research reports .  
E1ghty-nine percent of the sc ie n t is ts  as compared to 50ft o f  the 
managers were of the opinion that  managers cannot comprehend the 
language of the reports (Table 9, Question 28 ) .  A manager’ s a b i l i t y  
to comprehend s c i e n t i f i c  reports depended on whether or not:
1) managers have had s c i e n t i f i c  t r a in i n g ,
2) the report is geared fo r  the manager,
3) there is d i r e c t  communication between s c ie n t i s t s  and managers.
■j ' )
Almost a l l  respondents agreed tha t  d isc ip l in es  involving  
extensive ca lcu la t ions  such as mathematics, engineering and physics 
were the most d i f f i c u l t  to  understand.
Though 94% of  both sc ien t is ts  and managers thought that  i t  is 
appropriate to describe the s t a t i s t i c a l  analysis for mater ia l  
published for the s c i e n t i f i c  community (Table 9, Question 29) ,  a 
smaller percentage ( s c ie n t is t s  61%; managers 78%) thought i t  was 
appropriate fo r  managers (Table 9, Question 30) .  Respondents thought 
i t  was c r i t i c a l  to include s t a t i s t i c a l  analysis fo r  other  sc ien t is ts  
because s t a t i s t i c s  demonstrate:
1) the l im i ta t io n s  of the study,
2) v a l i d i t y  and r e l i a b i l i t y ,
3) how conclusions were derived.
There was no consensus as to the importance o f  s t a t i s t i c s  to 
managers and the public .  Some thought s t a t i s t i c a l  analysis should be 
included as an appendix. Others thought that  s t a t i s t i c s  would ju s t  
complicate the issue; there  should j u s t  be t ru s t  that  the s t a t i s t i c s  
were done.
There was also a d i f fe re n c e  o f  opinion between sc ien t is ts  and 
managers as to whether or not sc ie n t is ts  q u a l i fy  the resu l ts  o f  th e i r  
study too much. E ighty- three percent o f  the sc ien t is ts  compared to 
44% of the managers thought that  sc ie n t is ts  do not q u a l i f y  the results  
of  th e i r  study too much (Table 9. Question 31 ) .  Managers wished that  
sc ien t is ts  would jus t  give th e i r  best judgement without pursuing i t  
fu r th e r .  Sc ien t is ts  f e l t  more comfortable q ua l i fy ing  t h e i r  results  
since they usually  did not have enough data to be absolu te ly  accurate 
or cer ta in ;  they also f e l t  that  "sc ient is ts  must point out the 
l im i ta t io n s  of  th e i r  studies because there are no u l t im ate  answers and 
much research is inconclusive and uncer ta in ,"
4 f )
The r e s u l t s  support the proposition that  research reports are  
of ten  w r i t t e n  in language that ne i ther  managers nor the public can 
understand.
[8] S c ie n t is t s  Seldom Communicate Their Knowledge To The Public 
E f f e c t i v e l y
The nu l l  hypothesis that  no s ig n i f ican t  d i f ference exis ts  between 
a t t i t u d e s  o f  sc ien t is ts  and managers cannot be rejected (Table 10),
The m a jo r i t y  of sc ie n t is ts  ( 78SSJ and managers (94%} were of  the 
opinion t h a t  sc ie n t is ts  seldom communicate the knowledge of  t h e i r  
p a r t i c u l a r  research to the public {Table 10, Question 3 3 ) ,  and even 
when they do, 1Q0S thought that i t  is not always e f f e c t i v e  and/or  
adequate {Table 10, Question 35).  Some respondents f e l t  sc ien t is ts  
should communicate b e t t e r  while others f e l t  they should not have to.
The reasons given f o r  the need for be t te r  communication by 
s c i e n t i s t s  were:
1) knowledge that  is o f  concern and interest  to the pub l ic  should be
communicated so tha t  the public can make use of the information,  
and the more Informed everyone is ,  the b e t te r  i t  i s ;
Z )  since the public  pays for science, they should know what they are
paying f o r ;
3) i t  is a professional respons ib i l i ty ,  espec ia l ly  i f  i t  is for
pub l ic  decision-makers.
The reasons given as to why respondents thought s c ie n t is ts  should 
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1) sc ience is too complicated f o r  people to  understand;
2 )  unless the fac ts  are f u l l y  exp la ined ,  they may cause alarm and 
f e a r ;
3) i f  s c i e n t i s t s  were to communicate d i r e c t l y  to the p u b l ic ,  they 
would lose t h e i r  c r e d i b i l i t y ;
4} managers should communicate science to  the pub l ic ;
5) only "appl ied"  s c i e n t i s t s ,  not those s c i e n t i s t s  involved in 
"basic"  research,  should communicate t h e i r  r e s u l t s  to the pub l ic ;
6) g e n e r a l l y  tenure is  achieved by eva lua t ion  o f  s c i e n t i s t s ’ research  
and the amount o f  papers published, not by communication o f  t h e i r  
knowledge to the p u b l ic ;
7) th e re  are t ime c o n s t ra in ts ;  i t  takes t ime away from research.
When asked i f  i t  is important  to  communicate e f f e c t i v e l y ,  some 
respondents thought i t  was; otherwise there would be no purpose for  
the s c i e n t i s t ’ s knowledge, and research would be a waste o f  t ime.
Other respondents thought th a t  i f  s c ie n t i s t s  had communicated 
adequately and e f f e c t i v e l y  to the p u b l ic ,  a l o t  of  the environmental  
problems we have today would not e x i s t .  A few respondents thought i t  
is n e i t h e r  Important nor an o b l ig a t io n  f o r  the s c i e n t i s t  to 
communicate e f f e c t i v e l y  to the p u b l ic ,  only to o ther  s c i e n t i s t s  and 
managers. In f a c t ,  one s c i e n t i s t  claimed th a t  i t  was hard to 
communicate w ith  " id io t s "  in the audience, perhaps i t  was the f a u l t  of  
s c i e n t i s t s  or  soc ie ty ,  but tha t  there were no simple answers.
Some be l ieved  th a t  even though s c ie n t is ts  should communicate 
e f f e c t i v e l y ,  they do not know how, fo r  s c i e n t i s t s  are not t ra in e d  to 
be good communicators nor do they r e a l i z e  they need to be.
When asked what they thought the communication re s p o n s ib i1 i t y  of  
the s c i e n t i s t  should be, two opposing viewpoints were g iven .  One
school o f  thought was th a t  " i t  is the moral o b l i g a t i o n ,  duty or  
r e s p o n s i b i l i t y  o f  the s c i e n t i s t  to communicate knowledge and 
understanding to  managers and to  the pub l ic  in laymen's terms.  
Decision-makers need to know the fac ts  and i f  not i n d i v i d u a l l y ,  as a 
community s c ie n t is ts  should advance knowledge and spread i t  i f  they 
are at  a l l  ser ious ."
In con tras t ,  there  were others who thought th a t  " the s c i e n t i s t ’ s 
r e s p o n s i b i l i t y  is over with the p u b l ic a t io n  o f  peer-rev iewed  
l i t e r a t u r e . "  A few respondents thought t h a t  there  i s  m is t r u s t  between 
s c i e n t i s t s  and managers, and i t  is  not appropr ia te  f o r  s c i e n t i s t s  to 
seek the  managers or present themselves to the p u b l ic .
Amongst those s c ie n t is ts  who do communicate w i th  the p u b l i c ,  
t h e r e  was a consensus t h a t  t e le v is io n  was the best form o f  
communication to reach the masses. The newspapers were considered the 
worst  because t h e i r  accuracy was q u es t ionab le .  Public  l e c t u r e s  were 
also thought to  be e f f e c t i v e  because o f  the personal c o n ta c t ,  
i n t e r a c t i o n  and immediate feedback from the audience.  Other  
suggestions f o r  t ra n sm it t in g  in form at ion  were: s l id e  p re s e n ta t io n s :
speaking engagements w i th  special i n t e r e s t  groups l i k e  the Audubon 
Socie ty  or the S ierra  Club; o f fe r in g  workshops to teach e rs ;  short  
courses for  senators or other government o f f i c i a l s ;  t e s t i f y i n g  or  
reading before a congressional group; w r i t in g  brochures; popular  
a r t i c l e s  in magazines; books; making posters ,  f i lm s ,  and ca lendars;  
g iv in g  t e le v is io n  and radio  ta lk s ;  and, video games f o r  c h i ld r e n .
One s c ie n t is t  summed up the s i t u a t i o n  by saying " S c ie n t is ts  
should get more involved in such matters  because i t  gives them a 
chance to get out and communicate to the  p u b l i c ,  but u n f o r tu n a te ly  a 
l o t  o f  them are hypocrites or in t r o v e r t s ;  they say communication is
Uk
important,  but do not want to do anything themselves. I t  is always 
the exception ra ther  than the ru le ;  i t  is only the bet ter  
communicators or the well-known sc ien t is ts  that  expose themselves.1'
In conclusion, the proposit ion tha t  s c ie n t is ts  seldom communicate 
t h e i r  knowledge to the public  e f f e c t i v e l y  is strongly supported, 
whether i t  is  thought they should or should not.
[9]  Sc ien t is ts  Feel That They Should Hot Concern Themselves With
A t t i tudes .  Values And B e l ie fs  The Public Has Towards The
Protection Of The Marine Environment. Nor Do They Feel I t  is
Their  Duty To Change Them
The null hypothesis that  there is no s i g n i f i c a n t  d i f ference  
between the a t t i tu d e s  of  s c ie n t is ts  and managers cannot be rejected  
(Table 11),
Sc ien t is ts  and managers believed tha t :
1) only some sc ie n t is ts  know the a t t i tu d e s  people have toward 
protect ing the marine environment (Table 11, Question 36);
2 ) almost a l l  managers know (Table 11, Question 37) ;
3) managers know much more about a t t i tudes  than sc ie n t is ts  (Table 11, 
question 38};
4) managers are more concerned with a t t i tu d e s ,  values and b e l ie fs  the 
public has towards the marine environment than sc ien t is ts  (Table 
11, Questions 39 and 40),
I t  was believed by some respondents that  s c ie n t is ts  know 
a t t i tudes  people have by contact through public hearings, seminars and 
lec tures .  Some respondents believed that  managers know more because 
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4 6
The reasons given by respondents as to  why managers should be
concerned about public  a t t i tudes  were:
1) i t  is necessary to t h e i r  work;
2) i t  is necessary f o r  the public  good;
3) without i t  laws do not get enforced, and v i o la to r s  do not get  
prosecuted.
More reasons were given by respondents as to why s c i e n t i s t s
should be concerned:
1) to get money and support for  research from the pub l ic ;
2) s c ie n t is ts  ought to be concerned with public  opinion and social  
needs;
3) i f  sc ie n t is ts  have the knowledge, they should t ransm it  i t  fo r  the 
good o f  the public  as a professional r e s p o n s i b i l i t y ;
4) knowing the p u b l ic 's  a t t i tu d e s  can help s c ie n t is ts  g ive  b e t te r  
advice;
5} s c ie n t is ts  should educate socie ty  as to  the need to preserve
resources as an e th ic a l  and moral o b l ig a t io n ;
6) by knowing and being concerned about the p u b l i c ’ s a t t i t u d e s ,
s c ie n t is ts  can change public a t t i tu d e s  i f  need be.
Others believed tha t  s c ie n t is ts  should not be concerned about
public  a t t i tu d e s  because:
1) s c ie n t is ts  have no time;
2) s c ie n t is ts  do not know how to change environmental a t t i t u d e s ;
3) s c ie n t is ts  are not in terested in values and b e l i e f s  the pub l ic  has 
towards the protect ion  o f  the marine environment;
4) public  opinion must not d i c t a t e  s c i e n t i f i c  research;
5) s c ie n t is ts  do not have more r e s p o n s i b i l i t i e s  than any other  
c i t i z e n s .
47
In conclusion,  even though the m a jo r i t y  of the respondents f e l t  
th a t  s c i e n t i s t s  should know and be concerned with a t t i t u d e s ,  values  
and b e l i e f s  the pub l ic  has toward the marine environment,  a t  the  
present  t ime they do not.  I t  seems tha t  i t  is the manager who is 
expected to know and be concerned. There fore ,  the proposit ion  cannot 
be r e j e c t e d ,
[10] S c ie n t is t s  Feel That T h e i r  Role Is Only To Seek Knowledge And 
Tru th .  That They Are Not Q u a l i f i e d  To Hake Value-Judgements
The nul l  hypothesis t h a t  no s i g n i f i c a n t  d i f f e r e n c e  e x is ts  between 
a t t i t u d e s  of  s c i e n t i s t s  and managers cannot be r e je c t e d  f o r  a l l  
statements but one under th is  propos i t ion  (Table 12) .
This  l a s t  p ropos it ion  was w r i t t e n  to f in d  out  e xa c t ly  what the 
r o le  o f  the s c i e n t i s t  is  or should be. The u l t im a t e  question was 
posed to in terv iewees a t  the end o f  the quest ionna ire  as to what they 
perce ive  the r o l e  of  the s c i e n t i s t  to  be in our so c ie ty ,  and 
s p e c i f i c a l l y  what i t  is in marine environmental p o l ic y  and management.
Approximately h a l f  the s c i e n t i s t s  (55ft) and managers (44ft) 
thought th a t  s c i e n t i s t s  are not e f f e c t i v e l y  involved in present  
environmental management e f f o r t s  (Table 12, Question 4 1 ) .  There was 
no re a l  d i f f e r e n c e  o f  thoughts between respondents tha t  agreed or 
disagreed.  The d i f f e r e n c e  was whether they thought s c ie n t is ts  are  
p rese n t ly  involved or whether they should be more involved in the  
f u tu r e .
Those s c ie n t i s t s  who thought s c i e n t i s t s  are not e f f e c t i v e l y  
involved f e l t  there  is  an uncaring a t t i t u d e  by managers, more science 
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development of management p lans .  Even though s c ie n t is ts  merely 
in f luence dec is ions whereas managers make the dec is ions,  i t  was 
thought the s c i e n t i s t s  have the knowledge and the a b i l i t y  to  apply  
such knowledge to management issues.
Some managers who also agreed th a t  s c i e n t i s t s  are not e f f e c t i v e l y  
Involved thought more s c i e n t i s t s  should be involved o f f i c i a l l y  because 
a l o t  o f  them have good in fo rm at ion  t h a t  could be used, but i t  is  
always the same group o f  s c i e n t i s t s  communicating with managers.
Other managers thought s c i e n t i s t s  are e f f e c t i v e l y  involved.
S c ie n t is ts  are thought to be major proponents of  environmental p o l ic y ,  
and managers and p o l i t i c i a n s  want them to be involved.  S c ie n t is ts  
serve on committees and advisory  boards, and managers are g iv ing  
workshops to get  s c i e n t i s t s  more involved.  A few managers would l i k e  
to see s c i e n t i s t s  not only ac t in g  as advisors  but as advocates as 
wel 1.
The m a jo r i ty  o f  s c i e n t i s t s  (66ft) thought th a t  s c i e n t i f i c  
involvement in environmental management in the process o f  po l ic y  
implementation is not a p p ro p r ia te  (Table 12, Question 4 2 ) ,  nor is  the 
s urve i l la nce  and p o l ic in g  o f  p o l ic y  implementation (95ft) (Table 12, 
Question 43) .  But 67S be l ieved  tha t  s c i e n t i s t s  present ly  have a say 
in the development of  r e g u la t io n s  or laws per ta in in g  to management of  
our natural  resources (Table 12, Question 4 4 ) .  Seventy-e ight  percent  
o f  the s c ie n t is ts  (Table 12, Question 45) also thought th a t  i t  is 
appropr iate  f o r  s c i e n t i s t s  to get involved in the development and 
d e l i v e r y  of  edu ca t io n a l ,  r e c r e a t io n a l  and in t e r p r e t a t i v e  programs for  
the general p u b l ic .  S ix ty - tw o  percent o f  the s c ie n t is ts  thought that  
the s c i e n t i s t  also has an important r o le  in monitoring management 
plans (Table 12, Question 4 6 ) .  One hundred percent of  the s c ie n t is ts
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bel ieved  th a t  s c ie n t is ts  can be e f fe c t i v e ly  involved with several 
d i f f e r e n t  ro les  ( i . e .  advisor,  educator, in ves t ig a to r )  at the same 
t ime (Table 12, Question 47),
Managers’ opinions d i f f e r e d  in a couple of cases only. Seventy- 
two percent of  the managers thought i t  is appropriate for sc ien t is ts  
to be involved in the process of  policy implementation (Table 12, 
Question 42) .  Also, not as many managers (50%) (Table 12, Question 
46) f e l t  th a t  s c ie n t is ts  have an important ro le  in monitoring 
management plans. A l l  other opinions or a t t i tudes  did not d i f f e r  
s i g n ! f i c a n t l y .
Respondents who f e l t  th a t  scient is ts  should not be involved in 
the process of p o l ic y  implementation believed that  by that  time i t  was 
too l a t e ,  they should have already been involved p r i o r  to that  stage. 
They thought i t  would be a waste of time because by then there was no 
longer  a need f o r  s c ie n t is ts .  Yet one sc ien t is t  thought "there should 
be more involvement at that  stage, otherwise bureaucracy would make 
the decisions based on those people who make the most noise, such as 
big business and money, those who have no concern fo r  natural  
resources ."
Most respondents thought that  surve il lance and pol ic ing is a 
m isd irec t ion  o f  a s c i e n t i s t ’ s ta lents .  I f  as a c i t i z e n  they happen to 
be at a scene where a v io la t io n  is done, then i t  is f ine  to get 
involved; otherwise i t  is the function of  managers. Researchers do 
not have a regu la tory  respo n s ib i l i ty  to prosecute people.
Even though many respondents f e l t  tha t  sc ien t is ts  have a say in 
the development of laws and regulations, whether f t  be through the 
formal review process, hearings, advice g iv ing,  or making 
recommendations, " ra re ly  is s c ie n t i f i c  evidence incorporated into
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regulat ions unless i t  1s in agreement with preconceived not ions the 
public ,  p o l i t i c ia n s  or other i n te r e s t  groups may have." "Only 25%, i f  
not less ,  of  the s c i e n t i f i c  information is considered. U l t im a t e ly  i t  
is the manager or the p o l i t i c i a n  tha t  has the f in a l  say, and they do 
not want sc ien t is ts  to impose t h e i r  views."
Getting involved in d i f f e r e n t  educat ional,  re c re a t io n a l  or 
i n t e r p r e t a t i v e  programs was approved by s c ie n t is ts  in general i f  i t  is 
done In an advisory capacity .  S c ie n t is ts  f e l t  they could add accuracy 
to the programs. Some managers thought tha t  i t  would be overburdening  
s c ie n t is ts .  Managers thought s c ie n t is ts  should get involved only i f  
s c ie n t is ts  are in terested or required to do so by employment, but not  
as a moral ob l ig a t io n .
Mary sc ien t is ts  and managers thought th a t  monitoring management 
plans is out of the realm of the s c i e n t i s t s  ro le  because the  
s c ie n t is t  does not have the time to do i t  on a d a i l y  basis .  The 
s c i e n t i s t  can evaluate the plans but should leave the monitoring to 
the manager. But some thought i t  was an Important ro le  because the 
s c i e n t i s t  is the one w ith  the knowledge and the supplier  o f  
information perta ining to changes occurring in the natural system, so 
he/she should be obliged to monitor.  A t h i r d  category thought that  
even though the s c ie n t is t  should monitor, the ro le  does not e x i s t ,  
that  there is no system to provide feedback, nor anyone to see i f  the 
pi an is working or n o t .
Both sc ien t is ts  and managers thought tha t  ’ s c ie n t is ts  can be 
e f f e c t i v e  in more than one ro le ;  perhaps not equal ly  e f f e c t i v e  in a l l  
th ree ,  ( i . e .  advisor,  educator, in v e s t ig a to r )  a l l  the t ime,  but with a 
l o t  o f  work, inventiveness, and ded ica t ion ,  the good s c i e n t i s t  can 
perform well  in a l l  respects,"
52
The m a jo r i t y  (78%) o f  s c ie n t i s t s  and managers thought t h a t  when 
addressing the p u b l ic  on important issues, the sole r e s p o n s i b i l i t y  of  
the s c i e n t i s t  is to provide factua l  knowledge and understanding,,  not 
value*judgements {Tab le  12, Question 4 8 ) .
Some s c ie n t i s t s  be l ieved  th a t  "communication should be r e s t r ic te d  
to the understanding o f  s c i e n t i f i c  f a c ts ;  i f  not ,  i t  can be le th a l  to 
the s c i e n t i s t .  The system has evolved In such a way th a t  s c ie n t is ts  
are a f r a i d  to advocate, impose t h e i r  values on o the rs ,  or become 
emotional in any way," A second school of thought consisted of  
s c i e n t i s t s  who b e l ieved  t h a t  s c ie n t i s t s  should communicate t h e i r  
value- judgements , They f e l t  tha t  fac ts  are not enough, and there  is 
nothing wrong in expressing value- judgements, so long as they are 
separate from the f a c t s .  "Since s c i e n t i s t s  have the best information  
on which to base judgements, they have an o b l ig a t io n  to g ive  short or 
long-term forecas ts  w ith  p r o b a b i l i t i e s . "
Managers were d iv ided  on t h is  issue. Some thought th a t  
s c i e n t i s t s  should remain f a c t u a l ,  o b j e c t i v e ,  and unbiased, not 
"sen t im e n ta l" ,  and t h e r e f o r e  should not o f f e r  va lue- judgements .  Other 
managers thought s c i e n t i s t s  must i n t e r p r e t  f a c t s ,  and I f  they are 
indeed knowledgeable and respons ib le ,  should also present va lue  
opt ions.  They be l ieved  s c ie n t i s t s  should be e n t i t l e d  to an educated 
opin ion. One manager be l ieved  t h a t  the reason why s c i e n t i s t s  do not 
wish to g ive  Judgements is because they feel uncomfortable in doing 
so. He said " I t  is not pa r t  of  t h e i r  t r a i n i n g ,  which is a lack  of 
e d u c a t io n . . .  s c i e n t i s t s  th in k  t h a t  by g iv ing  value- judgements they are 
d e v ia t in g  from s c i e n t i f i c  e t h i c s . "
I t  was w ith  d i f f i c u l t y  tha t  s c i e n t i s t s  and managers responded to 
the statement t h a t  the s c i e n t i s t ' s  ro le  is one t h a t  goes beyond
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seeking the t r u t h ,  for  they had not p rev ious ly  thought about f t -  More 
managers (83£) agreed with th is  statement than d id  s c i e n t i s t s  (56ft) ,  
There was a d i f f e re n c e  in a t t i tu d e s  between these groups (Tab le  12, 
Question 49) ,
Most respondents were o f  the op in ion  that  " th e r e  is no absolute  
t r u t h  in science, nor can i t  ever be reached,"  "There can only be an 
opera t ional  t r u th  based on a c c o u n t a b i l i t y  with the t h e o r e t ic a l  
knowledge a v a i la b le ,  other  than th a t  absolu te  t r u t h  does not e x is t  In 
our mortal  ex is tence ,"  " I t  is  a m at te r  o f  e i t h e r  accept ing or  
r e j e c t in g  a hypothesis , ’1 A few respondents thought th a t  "being an 
educated member o f  soc ie ty ,  the s c i e n t i s t  should not only seek the  
t r u t h ,  but d e l i v e r  i t ,  i f  social  progress is to be made o f  i t * "  I t  is 
thought th a t  "since science Is to d isprove  the t r u t h  as we know i t ,  
reaching an absolute t ru th  would be the end of s c i e n c e . 1'
The l a s t  statement in t h is  p ro p o s i t io n  and q u e s t io n n a i re  1s 
perhaps the most important in that  i t  summarizes th e  essence o f  th is  
theme as to what exact ly  the ro le  o f  the s c i e n t i s t  is  or should be.
One hundred percent o f  the s c ie n t i s t s  and managers agreed t h a t  the  
s c i e n t i s t  plays a ro le  in the d iscovery ,  development and disseminat ion  
o f  knowledge (Table 12, Question 50) .
I t  was apparent from the discussions held w i th  the s c i e n t i s t s  
involved that  most s c ie n t is ts  be l ieved  th a t  even though the s c i e n t i s t  
does take par t  in a l l  three phases o f  d iscovery ,  development and 
disseminat ion of knowledge, the d iscovery  and development phase was 
considered to be a more important r o l e .  The m a j o r i t y  o f  the  
s c ie n t is ts  thought that  "the primary r o l e  o f  the s c i e n t i s t  is  one who 
provides accurate factual i n f o r m a t i o n . 1 "By d iscover ing  knowledge and 
t r u t h  about natural  or physical phenomena, the s c i e n t i s t  increases our
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understanding o f  i t  and expands the horizons o f  t ru th  and knowledge." 
Only a few added th a t  " i t  is also important to  synthesize th is  
information and disseminate i t  w ide ly  to  the p u b l i c . "
Every s c i e n t i s t  agreed t h a t  the s p e c i f i c  r o le  of  the s c ie n t is t  in 
management and p o l ic y  is  to give advice; what d i f f e r e d  1s the degree 
and the time o f  involvement.
Two opinions ex is ted :
1) The s c i e n t i s t  is not only a s u p p l ie r  of  f a c t s ,  but an eva lua tor  of  
po l icy ,  who is  involved e s p e c ia l l y  in the e a r l y  phases of  po l icy  
development. Since most plans are w r i t t e n  by managers or planners 
who do not have a strong background in science,  the s c i e n t i s t  is 
the one who deciphers the in format ion to be used in the plan i f  i t  
is at a l l  to  be proper ly  and s c i e n t i f i c a l l y  managed.
2 )  The s c i e n t i s t  should be more involved in a l l  phases o f  po l icy  and 
management p lanning,  even though the plan is  not a s c i e n t i f i c  
document.
Better  communication between s c i e n t i s t s  and managers seemed to be 
thought e s s e n t ia l  by s c i e n t i s t s ,  and a suggestion was made tha t  
perhaps we need a l i a i s o n  person between the s c i e n t i s t  and the manager 
whereby management needs can be communicated to the s c i e n t i s t  and the 
s c i e n t i f i c  in format ion can be t r a n s la te d  to  the manager.
Most s c i e n t i s t s  f e l t  tha t  the present r o le  o f  the s c i e n t i s t  is 
close to what i t  should be, although there  were a few s c ie n t is ts  who 
bel ieved  d i f f e r e n t l y .
Two con tras t ing  schools o f  thought ex is ted  amongst s c ie n t is ts  as 
to  what the r o l e  of science and s c i e n t i s t s  should be.
The f i r s t  school o f  thought held the opinion that  "the s c ie n t is t  
should a l t e r  the q u a l i ty  of  l i f e  for  the betterment and good of  
s o c ie ty ,  applying s c i e n t i f i c  knowledge to the human cond i t ion ."  "The 
s c i e n t i s t  should also be more of  an educator and communfcator of  
science,  one who enl ightens people in order to protect  our natural  
resources."  These sc ie n t is ts  also thought that  " i t  is important to 
have a more h o l i s t i c  ra th e r  than reductionist  view of environmental 
problems and to give Judgements even though there may not be posit ive  
re in forcement  to do so." There is also a need fo r  e th ica l  
im pera t ives ,  fo r  some th ink  that "the s c i e n t i f i c  community is too 
i s o la te d  and in t ro v e r te d ."  " I f  there was public pressure to know more 
about the environment,  i n i t i a t e d  by s c ien t is ts ,  i t  would help because 
p o l i t i c i a n s  are swayed by public opinion." "Scient is ts  should not be 
cyn ica l  and help solve environmental problems since most wrongs are 
done due to ignorance." " I t  should be a moral o b l ig a t ion  to do so!" 
said  another s c ie n t is t .  I t  is thought that "sc ien t is ts  should voice 
t h e i r  opinions through posit ion papers for Washington, 0 . C . ,  attend  
na t io n a l  meetings, contact environmental groups and "leak out" 
in fo rm at ion  to them, phone Governors, express value-judgements openly 
and f r e e l y ,  educating our self -centered society ."  But unfortunately  a 
few s c ie n t i s t s  concluded that  "most sc ient is ts  are not humanitarians."
In con tras t ,  there were a group o f  sc ient is ts  that  had quite  
opposite  a t t i t u d e s .  They believed that  th e i r  ro le  as educators 
"should be only to educate future s c ie n t is ts ."  " I f  they are to 
communicate to the publ ic ,  i t  would only be to have continuing support 
and funding fo r  t h e i r  research." The comment was made that  maybe "the 
pub l ic  should know what they are gett ing for t h e i r  money." "A 
s c i e n t i s t  needs to be e t h ic a l ,  only as fa r  as using research funds
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responsibly since science does not come cheap,M Some s c ie n t is ts  also  
f e l t  st rongly that  " i t  is not the ro le  o f  the s c i e n t i s t  to communicate 
or  push t h e i r  ideas, or even be concerned with a t t i t u d e s  people have 
toward the environment, fo r  one cannot and should not be a s c i e n t i s t  
and an advocate at the same time."
Managers, l i k e  s c ie n t is ts ,  were also under the opinion that  
sc ie n t is ts  play more of  an important ro le  in discovery and development 
o f  knowledge ra ther  than I t s  disseminat ion.  General ly  speaking, the  
r o le  of  the s c ie n t is t  was thought to be " to  explore new f r o n t i e r s  of  
discovery searching fo r  new answers." "The s c i e n t i s t  is the prov ider  
o f  information to help b e t t e r  understand na ture ."  "The s c i e n t i s t  
should provide factual information to so c ie ty ,  p a r t i c u l a r l y  to  
decision-makers and educators". " In  addit ion to pursuing knowledge, 
s c ie n t is ts  should be an instrument fo r  social  and pub l ic  u t i l i t y ,  fo r  
humane purposes and fo r  the progress of  s o c ie ty ."
Managers held s im i la r  viewpoints as to what the r o le  o f  the  
s c ie n t is t  is in management and p o l ic y .  Many managers thought tha t  
"the s c i e n t i s t  should communicate knowledge pe r ta in in g  to management 
plans to the manager." Also, "to in te rp re t  and s im p l i f y  research  
resu l ts  so th a t  managers can a c tu a l ly  use 1 t . "  "Science should be 
given more respect ."  Many managers bel ieved tha t  "grey" l i t e r a t u r e  
and personal communications were more o f ten  used in  plans than "pure" 
l i t e r a t u r e .  Managers also thought that  "not only should research be 
mare l inked to answering c r i t i c a l  management questions, but the 
s c ie n t is t  should also develop the b io lo g ica l  impacts of a l t e r n a t i v e  
management decis ions."  Managers wished th a t  s c ie n t is ts  would w r i t e  
papers useable by managers and the pub l ic ,  not ju s t  fo r  t h e i r  peers.  
Managers r e a l iz e d  that "the s c i e n t i f i c  community puts r e s t r a in ts  on
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s c ie n t is ts ,  they have t ra d i t io n s  to fol low so i t  is not always t h e i r  
f a u l t . "  "They have to publish or per ish".  "They cannot say man w i l l  
destroy the marine environment unless they have conclusive ev idence.1’ 
" I t  is up to the manager to say we have to stop th is  damage."
"Managers do not want sc ie n t is ts  to become environmenta l ists ,  
otherwise they lose t h e i r  c r e d i b i l i t y . "  Managers believed tha t  "both 
sc ien t is ts  and managers are doing the best they can under 
i n s t i t u t io n a l  and population pressures." One manager said "We 
recognize the importance of  managing our resources, i t  is time the 
government d i d . . .  more education and enforcement is imperative!"
There were two contrast ing a t t i tu d e s  as to what the ro le  of  the 
s c ie n t is t  should be tha t  need to be elaborated here. There was a 
school of  thought amongst some managers tha t  "because indiv idual  
fee l ings m at ter ,  the s c ie n t is t  should not have to be Involved in 
pol icy or management ju s t  because by d e f i n i t io n  he/she is a 
s c i e n t i s t . "  "There is  no use in putt ing them in a r o le  tha t  makes 
them uncomfortable." "Sc ien t is ts  can make social  contr ibut ions only 
i f  they so d e s i re ."  "Sc ient is ts  p lay a small ro le  in po l ic y ,  and i t  
is not considered to be a disappointment to many because "people 
problems" do not necessari ly  need the involvement o f  s c i e n t i s t s , "  The 
p o l i t i c i a n s  are thought to be the decision-makers, not the s c ie n t is ts .  
"A s c ie n t is t  need not be involved in p o l i t i c s  nor be a humanitarian 
unless he/she has such in c l in a t io n s ."
There was a second school of  thought that  existed amongst 
managers, though i t  was the minor ity  (10%). They believed tha t  "the 
ro le  o f  science presently  is knowledge fo r  knowledge’ s sake ra ther  
than fo r  social  purposes.1' To them, "the marine environment is an
area o f  p a r t i c u l a r  importance, and the  marine s c i e n t i s t  has an unusual  
ro le  f o r  he/she is  even more responsible than other  s c i e n t i s t s ,  
e s p e c ia l ly  i f  people cannot observe the ocean themselves ."  "He/she  
has more o f  a r o l e  to inform people ,"  "Marine s c i e n t i s t s  have to  have 
global concern to  make people r e a l i z e  tha t  everyone is a f fe c te d ,  
whether d i r e c t l y  or i n d i r e c t l y . "  One in te rv iew ee  s ta ted  th a t  "most 
s c i e n t i s t s  t h in k  they are concerned, or  even t h a t  they are 
humanitarians, but they are not ."  In the words of one manager, "Being 
humanitarian does not necessar i ly  mean going on a mission to A f r i c a ,  
but to stand up amongst peers and s t a t e  an opin ion ,  and to act  upon 
i t .  For many s c i e n t i s t s ,  when they say i t  is  not t h e i r  ro le  to do 
th is  o r  t h a t . . .  i t ’ s Just a "cop o u t" .  Sure ly  i t  is  e a s ie r  to c la im  
that  s c i e n t i s t s  should not have to  be a c t i v e l y  involved 1n p o l i t i c s  or  
p o l ic y  because t h a t  is not t h e i r  r e s p o n s i b i l i t y  nor do they have the  
t i m e . . .  S c ie n t i s t s  should be responsible  because they are educated by 
s o c i e t y . . .  P o l i t i c a l  involvement should be an o b l ig a t i o n  o f  
s c i e n t i s t s .  They should be more a c t i v e  in p o l i t i c s ,  not j u s t  y e l l i n g  
out opinions because they feel  l i k e  i t ,  but g iv in g  an opinion and a 
Judgement based on facts .  I t  is very necessary and v i t a l .  S c ie n t i s t s  
should not j u s t  complain about a p o l i c y  or a management plan, but g ive  
t h e i r  opinions before i t  is  too l a t e ! "
Though th e re  were these two con tras t ing  v iew po in ts ,  there seemed 
to be stronger support to accept the  p ropos i t ion  t h a t  s c i e n t i s t s  fee l  
that  t h e i r  r o le  is  only to  seek knowledge and t r u t h ,  t h a t  they are  not 
q u a l i f i e d  to make value-judgements.
Analysis of Management Plans
The contention of  most of  the respondents (both sc ien t is ts  and 
managers) that  the primary s c i e n t i f i c  l i t e r a t u r e  ( th a t  which is peer- 
reviewed and in journals}  is not used in the development of  management 
plans f o r  natural coral r e e f  areas was supported by my analysis o f  the 
plans (see Table 13) .  Note that  only the Ocho Rios and Bonaire plans 
used a higher number o f  primary c i t a t i o n s  than secondary c i ta t ions  
( c i t a t io n s  are those references c i ted  1n management p lans} .  All  of  
the c i t a t io n s  in St.  C ro ix ’ s Buck Island plan were secondary 
l i t e r a t u r e .  Popularized a r t i c l e s  made up twenty-four  percent of  the 
Key Largo plan’ s references; no sp e c i f ic  c i t a t io n s  were made. The 
Looe Key and La Parguera plans r e l i e d  heavily  on personal  
communication compared to other plans. Most references were not c i ted  
in the t e x t .
Table 14 summarizes the most f requent ly  referenced journals in 
each of  the management plans. The most referenced journal  for Looe 
Key and Key Largo plans was the B u l le t in  o f  Marine Science, No 
primary l i t e r a t u r e  was referenced in the Angui l la  plan, Puerto Rico’ s 
La Parguera plan c i ted  Limnology and Oceanography most, St, Croix ’ s 
Buck Island plan, Herpeto logica. Aquatic Botany was most frequent ly  
used in the Bonaire plan, while  the Curacao plan used a regional  
Journal, Studies on the Fauna of Curacao; Jamaica’ s Ocho Rios plan 
cited Marine Po l lu t ion  B u l le t in  most of ten. A l l  to ld ,  only a small 
number o f  primary journal a r t i c l e s  were used in the plans. In a l l  
plans but Buck Is land, d i f f e r e n t  authors wrote the a r t i c l e s  c i ted .
Tables 15-18 summarize the d i f f e r e n t  components considered in the 
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resources, and Impacts (both natural  and anthropogenic).  Though not 
l i s t e d  1n the tab les ,  a l l  the management plans also had a statement of  
the purpose, ob ject ives ,  goals,  and a discussion o f  laws fo r  
pro tect ing  the marine environment and resources, su rv e i l la n c e ,  
monitoring,  and enforcement of  laws, as well  as a section on zoning in 
the An gu i l la ,  A u s t ra l ia ,  F l o r id a ’ s Looe Key, Jamaica’ s Ocho Rios and 
St .  C r o ix ’ s Buck Island plans.
An idea l ized  plan would include a l l  the categories mentioned 
above; but,  as seen from the ta b le s ,  not a l l  of  the categories are 
considered in a l l  the plans. In add it ion ,  the plans d i f f e r  as to  the 
extent  in which each category 1s d e a l t .  As examples, purpose o f  the 
plans, water p o l lu t io n  and environmental education w i l l  be discussed 
here.
Purpose
The pr inc ipa l  or underlying purpose for es tab l ish in g  a l l  o f  the 
areas reviewed were s im i la r  - maximizing human usage in consistency  
with conservation of  the natural  marine resources,
Austra l ian  and Jamaican plans only stated the pr inc ipa l  purpose. 
Plans from Curacao and Bonaire stressed the importance of maintaining  
high p ro d u c t iv i ty ,  ecological processes and esp e c ia l ly  preserving  
genet ic  d i v e r s i t y .  Plans from F lo r id a ,  Puerto Rico, St, Croix  and 
Angui l la  have s p e c i f i c a l l y  establ ished m ul t ip le -use  purposes such as 
conservat ion,  ecology, aes the t ics ,  recreat ion  and commerce ( inc lud ing  
f i s h e r ie s  and tourism).
Water Pol 1ut ion
The extent  to which management plans dea l t  w ith  water p o l lu t io n  
var ied wide ly .  Same plans such as those fo r  Looe Key, A n g u i l la ,  and 
Bonaire did not discuss possible impacts of p o l lu t io n  in much d e t a i l .
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while others,  es p e c ia l ly  Ocho R1os in Jamaica, addressed the topic 1n 
a thorough manner.
P r inc ip le  p o l lu t io n  concerns were excessive sedimentation and 
tu r b id i t y ,  a l t e r a t i o n  of  nu t r ie n t  input,  sewage and runoff  (domestic,  
agr icu l tu ra l  and i n d u s t r i a l ) ,  o i l ,  pes t ic ides ,  insect ic ides ,  
herbicides, f e r t i l i z e r s ,  l i t t e r  and debr is ,  sludge and discharges from 
boats.
Specif ic  actions to m it iga te ,  amel iora te  or prevent po l lu t ion  
were not discussed in d e t a i l  in the management plans. There were some 
measures mentioned in a few o f  the plans such as having organizat ions  
that enable i t s  members to deploy a v a r ie ty  o f  s p i l 1- f i g h t in g  
equipment in case of  a major s p i l l  and f in in g  v i o l a t o r s .  There was 
also mention o f  examination of  ex is t in g  sewage disposal systems to 
ensure they meet standards and construct ion o f  t e r t i a r y  sewage 
treatment p lants  but, In general,  the concerns and impacts on the 
reefs were discussed ra ther  than prevent ive measures. Enforcement of  
laws [although often d i f f i c u l t ) ,  research, and monitoring of water  
qua l i ty  were considered essent ia l  in a l l  management plans.
In some plans, esp ec ia l ly  the Jamaican one, the discussion on 
impacts of water  p o l lu t ion  was based on resu l ts  from the s c i e n t i f i c  
l i t e r a t u r e .  In other plans there were no references made to the 
s c ie n t i f i c  l i t e r a t u r e .
Environmental Education
Environmental education was d e a l t  with in a number o f  ways in 
d i f f e r e n t  management plans ranging from neglect (Angui l la  and Puerto 
Rico's La Parguera) to elaborate [Jamaica’ s Ocho Rios, Bonaire,  and 
Flor ida 's  Key Largo},
D i f f e r e n t  user groups were targeted in the d i f f e r e n t  plans. The 
Ocho Rios management plan focused on educating lo ca l  users .  The 
b e l i e f  was th a t  lo c a l i z e d  environmental education was the main way the  
reg ion can be protected .  Management's in te n t io n  was f o r  lo ca l  people 
who come in to  contact with the park to have some understanding o f  the  
value o f  the resource and the ecologica l  s e n s i t i v i t y  o f  the  ree fs .  
Lecture and discussion,  press a r t i c l e s ,  radio and t e l e v i s i o n  programs, 
guidebooks, pamphlets and maps were thought to be means o f  educating  
the p u b l ic .  Bonaire,  Curacao and Key Largo plans were a ls o  in te re s te d  
in environmental education and increasing public  awareness f o r  lo ca l  
users and a l l  other v i s i t o r s .  In con tras t  to these p lans,  A n g u i l la  
and Puerto R ico ’ s La Parguera plans did not have any s p e c i f i c  plans  
fo r  educating I ts  pub l ic  on the management s t r a te g ie s  they  planned to 
adopt f o r  the u t i l i z a t i o n  o f  t h e i r  marine resources.
In a t h i r d  category,  the plan fo r  S t .  C r o i x ’ s Buck I s la n d  d id  not 
have a special section on education; no d e t a i l s  were g iven  as to how 
to promote publ ic  understanding and awareness, although a statement  
was made under o b jec t ives  as to i t s  importance. The plan f o r  Looe Key 
in F lo r id a  did not have an educational program set  up as p a r t  o f  i t s  
management plan e i t h e r .  Vet i t  did have a sect ion  on i n t e r p r e t a t i v e  
management whereby the opportun i t ies ,  program themes and messages to 
bring about publ ic  understanding and a p p re c ia t io n  of the coral  r e e f  
environment were presented.
A discussion of environmental education in the management plans  
did not usual ly  r e fe r  to the s c i e n t i f i c  l i t e r a t u r e .  S c ie n t i s t s  were 
not involved in educating the publ ic  about the marine environment.
A u s t r a l ia
Analyses o f  A u s t ra l ia n  plans were not included in any o f  the 
tab les .  The reason fo r  th is  was that  A u s t r a l i a  employed a somewhat 
unique s t ra te g y  f o r  conserving i t s  Great  B a r r i e r  Reef- The great  size  
of the r e e f  and i t s  b iophysical  and socio-economic d i v e r s i t y  increased 
the d i f f i c u l t y  of  management. P r i o r i t i e s  were determined by the Great 
B a rr ie r  Reef Marine Park A u th o r i t y 's  philosophy on how to manage the 
ree f .
The aim of  the plan f o r  the Great B a r r i e r  Reef was to  ensure a 
level  o f  usage cons is ten t  w ith  maintenance of the  eco log ica l  system 
and accepted as reasonable by socie ty  (Salm and C la rk ,  1984) .  The 
a u th o r i ty  bel ieved tha t  o p p o r tu n i t ie s  f o r  human enjoyment and use 
should be maximized and y e t  be con s is ten t  w ith  conservat ion of the 
natural  resources. In p r a c t i c e ,  re g u la t io n  was d e l i b e r a t e l y  held at  
the minimum considered necessary to  achieve conservat ion ob jec t ives .
Thus, the concept def ined in the Great B a r r i e r  Reef Marine Park 
Act of  1975 was c lose  to a d e f i n i t i o n  o f  m u l t ip le -u s e  management, but 
with provis ions which s p e c i f i c a l l y  required  the a u th o r i ty  to  estab l ish  
zoning as a means o f  managing spe c i f ied  areas.
In broad terms, three groups had a d i r e c t  in te r e s t  in the use of
ree f  resources:
1) Fishermen and C o l lec to rs  (both commercial and r e c r e a t io n a l )  - 
Maintenance o r ,  i f  poss ib le ,  increase of  the susta inab le  y ie ld  of 
species of i n t e r e s t  as e d ib le  and c u l t u r a l  e n t i t i e s ,
2) Tourism and Recreation - Use of  p a r t i c u l a r  locat ions fo r
p o t e n t i a l l y  l a r g e  numbers of r e e f  v i s i t o r s .
3) Conservation - Minimum human impact on Great B a r r i e r  Reef.
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There was considerable  overlap of  interests  between the groups. 
Much f is h in g  was r e c r e a t io n a l .  Most reef  v is i to rs  reached the ree f  
aboard chartered vessels or a i r c r a f t  which were part of  the to u r is t  
indust ry .  Many conservat ion is ts  fished recrea t iona l ly  and to the 
extent  t h a t  i t  was s e l l in g  the "unspoiled wilderness’’ aspect of  the 
Great B a r r i e r  Reef,  the t o u r i s t  industry had a vested in te res t  in 
conservat ion or  preservat ion  of i ts  assets.
This philosophy of maximizing human enjoyment, consistent with 
the concept of  conservat ion,  was expressed through the dec larat ion of  
sections o f  the r e e f  as par ts  of the Great Barr ier  Reef Marine Park 
and by zoning plans,  which specif ied what uses may occur w ith in  each 
zone and the condit ions under which those uses may proceed.
The Zoning Plan ob jec t ives  were defined by the Act:
1) The conservat ion of  the Great Barr ier  Reef.
2 )  The reg u la t io n  of  the use o f  the Marine Park so as to protect  the 
Great B a r r i e r  Reef while  al lowing reasonable use of the Great 
B a r r ie r  Reef Region.
3) The re g u la t io n  o f  a c t i v i t i e s  that exp lo i t  the resources of  the 
Great B a r r i e r  Reef Region so as to minimize the e f fe c t  of those 
a c t i v i t i e s  on the Reef.
4) The rese rv a t io n  of some areas of the Great Barr ier  Reef for i ts  
apprec ia t ion  and enjoyment by the public.
5) The preservat ion  o f  some areas of the Great Barr ier  Reef in i ts  
natural  s ta te  undisturbed by man except for the purposes of 
s c i e n t i f i c  research.
To accomplish these ob ject ives ,  the Reef has been zoned into a 
number o f  areas w ith  d i f f e r i n g  degrees of res t r ic t io n s  on a c t i v i t i e s .
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There were f i v e  zones that  included provisions fo r  three  types o f
protected areas.  The f i v e  zones include:
1) General Use A Zone - includes a l l  the shoals on the Section as 
well  Lady E l l i o t  Island and covers more than 80% o f  the area of  
the Section.
No r e s t r i c t i o n  on use other than:
(a) no operations for  the recovery o f  minerals except for the  
purposes o f  research.
(b) no commercial spearfishing or spearfishlng w ith  SCUBA.
2) General Use B Zone - includes about 18% of  the area of the 
Section; provisions are the same as f o r  General Use A Zone w ith  
add i t iona l  proh ib i t ion  on t rawl ing and the nav iga t ion  of  vessels  
g rea te r  than 500 tons.
3) Marine National Park Zone - Heron Island and Western Reefs 
conservational management p r im ar i ly  fo r  t o u r is t  purposes with  
f ish ing  al lowed subject to gear r e s t r i c t i o n  (one hand-held l i n e  or 
rod and no more than two hooks),
4) S c i e n t i f i c  Research Zone - One Tree Island R e e f -s p e c i f ic  prov is ion  
of s c i e n t i f i c  research in an area as f a r  as possib le  unaffected by 
other uses.
5) Preservat ion Zone - Wreck Island and Llewellyn R ee fs -s pec i f ic  
provis ion for management of an island ree f  and a lagoon r e e f  as 
fa r  as possible unaffected by human use.
The three  types of  protected areas include:
1) Reef Appreciation Area * An area in a zone where f ish ing  and
c o l l e c t in g  are normally permitted, in which f is h in g  and c o l l e c t in g  
are excluded to enable the public to observe r e e f  l i f e  r e l a t i v e l y  
undisturbed by human a c t i v i t y .
2) Seasonal Closure Area - An area known to be of importance to the 
breeding o f  p a r t i c u l a r  animals,  which may be closed during the  
breeding season.
3) Replenishment Areas - Seven areas,  o f  which two may be closed at  
any time f o r  a per iod o f  up to three  years .  The concept is at  
present experimental and is designed to te s t  whether p e r io d ic  
closure w i l l  increase the p r o d u c t i v i t y  of demersal r e e f  f i s h e r i e s .
Management p r i o r i t i e s  have been to obtain  the informat ion  
necessary to decide what areas should be declared to be parts  of the  
Marine Park, and then, a f t e r  d e c la r a t io n ,  to ob ta in  the  more d e t a i l e d  
in format ion necessary to  develop competent zoning plans fo r  a Park 
S e c t io n .
A separate ,  important requirement was to e s t a b l i s h  i n i t i a l  
re ference condit ions to  a s u f f i c i e n t  degree o f  accuracy to  enable  
monitoring programs to  d e tec t  b io lo g ic a l  or  physio-chemical changes 
caused by human a c t i v i t y  as d i s t i n c t  from natura l  changes, so tha t  the 
Park Sect ion could be managed competently .
Thus, the Zoning Plans were the formal o v e ra l l  management plans  
fo r  Sections o f  the Great  B a r r i e r  Reef Marine Park. W ith in  these 
there were annual programs f o r  the implementation o f  the plans which 
were in turn framed w i t h in  th re e -y e a r  r o l l i n g  programs.
The Great B a r r i e r  Reef Marine Park A u t h o r i t y ’ s approach to 
research can be summarized as fo l lows:  MWe seek to develop knowledge
o f  the phys ica l ,  chemical ,  and b io lo g ic a l  c h a r a c t e r is t i c s  o f  the Reef 
Region, and of the soc ia l  and economic fac to rs  which a f f e c t  i t s  use, 
not fo r  the sake of  th a t  knowledge i t s e l f  but in order  to e s ta b l is h  a 
competent management regime over the Reef Region. In t h is  respect the 
A u th o r i ty  d i f f e r s  from many research o rg a n iz a t io n s 1' {K e l le h e r ,  1981) .
Apparent ly ,  according to  Ke l leher  (1981) most researchers  
commencing management-oriented studies on the Reef  f ind  th a t  
remarkably l i t t l e  s c i e n t i f i c a l l y - v a l  id in form at ion  is documented on 
the Reef from e i t h e r  the b io lo g ica l  or socio-economic po in ts  o f  view.  
Three p r in c ip a l  areas o f  informat ion requirement and o f  research  
needs came from the r e s p o n s i b i l i t i e s  o f  the A u th o r i t y  as given to i t  
by the Great B a r r i e r  Reef Marine Park Act of 1975 for  the 
establ ishment,  development, con tro l ,  and care o f  the Marine Park.
The th ree  areas o f  research were developed in to  research programs 
as fo l low s:
I . Resource Analysis
1. Bathymetry and Survey




I I . Analysi s o f  Use
6. Inventory o f  Uses
7. Impacts o f  Uses
8. Management S tra teg ies
9. Socio-economic Studies
I I I .  Informat ion Management
10. Great B a r r i e r  Reef Data Bank
11. Mechanics o f  Information Trans fer
For example, Bathymetry and Survey is  necessary because the  
physical c h a r a c t e r is t i c s  of  the area must be descr ibed to  demonstrate  
the s u i t a b i l i t y  o f  the Park boundaries f o r  management purposes.
Marine Ecology is necessary to  def ine the  a rea ’ s b io lo g ic a l  s ta tu s .  A
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knowledge of  the Impacts of Uses is requ ired  f o r  developing zoning 
plans.  Equally ,  an adequate knowledge o f  the base l ine  ecologica l  
c h a r a c t e r is t i c s  o f  the Reef is essent ia l  to monitor changes brought 
about by human a c t i v i t i e s .
Thus science was considered to some extent  in the development o f  
management plans f o r  A u s t r a l i a ’ s Great B a r r i e r  Reef .  Marine  
s c i e n t i f i c  research has been o f  value in helping to understand the  
system one is managing, and s c ie n t i s t s  have helped in the development 
and implementation o f  management plans. But t h i s  has been coupled 
with socio-economic studies,  since human uses and Impacts o f  the Reef 
are also c r i t i c a l  va r iab les  in  the development o f  management plans.
DISCUSSION
I t  is imperative in a study such as this one, where one is 
i n v e s t ig a t in g  1,The Role of Science and Sc ien t is ts  in Marine 
Environmental Policy and Management" to c le a r ly  define and understand 
what science is and who the s c ie n t is t  is .  This leads to a 
cons idera t ion  of  values and ethics in science in order to better  
comprehend the ob l iga t ions  and r e s p o n s ib i l i t ie s  of sc ien t is ts .
Through the ages philosophers and sc ien t is ts  have debated the 
r o le  of  science and s c ie n t is ts  in society.  Both posit ive  and negative  
r o les  o f  science have been re f le c te d  by the ideas and wri t ings of 
prominent h i s t o r ic a l  f igures .
A r i s t o t l e  has s ta ted  that  "All  men by nature desire to know,"
Each human being has d i f f e r e n t  views concerning what is worth knowing. 
One’ s search fo r  knowledge is motivated and directed by an urge to 
c re a te  meaningful pat terns out of  bewildering confusion perceived by 
one's senses. One wants to shape r e a l i t y  according to one’ s own 
wishes and by doing so, one is so presumptuous as to personalize the 
Universe ( A r i s t o t l e  t ra ns la te d  by Butcher,  1911).
To Francis Bacon, "Knowledge is power." But he also believed 
th a t  power should be used fo r  the betterment of mankind. "Scient ists  
should focus on the p rac t ica l  applicat ions of knowledge for the 
b e n e f i t  and use of man, the r e l i e f  of  man's estate" ( in Dubos, 1970).
Pasteur expressed an a t t i t u d e  about science when he said "There 
are not two sciences. There is only science, and the applications of
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science and these two a c t i v i t i e s  are l inked as the f r u i t  is to the 
t ree"  ( in  Dubos, 1970),
Hirsch wrote ,FBy science, I  mean the search fo r  knowledge and 
understanding - both the understanding of  something tha t  is complex in 
terms of i t s  simpler components and the understanding o f  a given 
phenomena in terms o f  the r e la t io n s  between i t  and other knowledge 
about the world,  By technology 1 mean the app l ica t ion  o f  whatever is 
presumed to be a lready known to the accomplishment o f  immediate goa ls1 
(Hirsch,  1967).
Montaigne had already w r i t te n  in the 16th century ’ Science 
without conscience is  but death of  the soul, reason can become 
des truc t ive  when i t  is not guided by worthy human concerns" ( in  Dubos, 
1970).
Tolstoy attacked the i n t e l l e c t u a l  s ign i f icanc e  of  the problems 
which s c ie n t is ts  study, "Men of science study not eve ry th ing ,  as they  
imagine and a f f i r m ,  but what is p r o f i t a b le  and easy to s t u d y . . .  th is  
q u a l i t y  belongs not to science, but to people who are inc l ined  to 
occupy themselves with t r i f l e s ,  and to a t t r i b u t e  to these t r i f l e s  a 
high importance" (To ls toy ,  1898).
Ortega y Gasset in The Revolt  of the Hasses wrote th a t  "Science 
autom at ica l ly  converts the s c ie n t is t  into a modern b a r b a r i a n . , ,  the 
s p e c i a l i s t , . ,  is not learned, fo r  he is form a l ly  ignorant of  a l l  that  
does not enter  into  his spec ia l ty ;  but ne i the r  is he ignorant ,  because 
he is a s c i e n t i s t ,  and knows very well  his t i n y  port ion of the 
universe. We shal l  have to say tha t  he is a learned ignoramus"
(Ortega y Gasset, 1932).
Science is the o f fspr ing  o f  a branch of  philosophy c a l le d  
epistemology from the Greek episteme - "knowledge" and logos -
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"reason" (Dubos, 1970) .  According to Oubos (1970 ) ,  the word "science"  
can have several d i f f e r e n t  meanings. I t  denotes the form ula t ion  of  
the laws of  nature  and the d e s c r ip t io n  of  substances, events and 
behaviors. I t  may also apply  to the development o f  p a r t i c u l a r  
products and techniques,  a l l  th ings th a t  may be d e s i r a b le  or 
undesirab le ,  t h a t  are made possib le  through technology. What is 
common in both is the v e r i f i a b i l i t y  of  the asser t ions  concerning the 
laws o f  nature ,  the  observed phenomena or the p r a c t i c a l  a p p l i c a t io n .
Science can simply be def ined as knowledge or as knowledge 
obtained by systematic  study and p r a c t i c e .  Webster’ s Third Hew 
I n te rn a t io n a l  D ic t io n a r y  (1967) def ines science as "accumulated and 
accepted knowledge tha t  has been systematized and formulated w ith  
re ference  to the d iscovery o f  general t ru th s  or the  operat ion of  
general laws: knowledge c l a s s i f i e d  and made a v a i l a b le  in work, l i f e ,
or the search f o r  t r u t h :  comprehensive, profound, or  phi losophica l
knowledge: knowledge obtained and tes ted  through use o f  the
s c i e n t i f i c  method."
What most d is t in g u is h e s  s c i e n t i f i c  knowledge from other  knowledge 
is the method by which i t  is developed. The s c i e n t i f i c  method is 
thought by some (Dubos, 1970; McCain and Segal,  1973; Bronowski, 1978) 
to be an a t t i t u d e  and a philosophy r a th e r  than j u s t  a method in the 
sense o f  a formal procedure. B a s ic a l ly ,  i t  involves the formula t ion  
of a problem, the c o l l e c t i o n  of  data through observat ion ,  and i f  
p os s ib le ,  exper im enta t ion ,  the formula t ion  o f  hypotheses, and the  
t e s t in g  and conf i rm at ion  o f  the hypotheses formulated (Medawar, 1984}.
The word " s c i e n t i s t "  is of recent o r i g i n .  I t  does not appear in 
p r i n t  e i t h e r  in English or any other language u n t i l  1841. Before tha t  
time a student o f  natura l  phenomena was c a l le d  a "Man o f  Science" or a
"Natural  P h i losoph er ." Oubos (1970) says th a t  In the past  the man of  
science tended to  be soc ia l ly  and i n t e l l e c t u a l l y  somewhat broader than 
the modern s c i e n t i s t .  They were s p e c ia l i z e d  in t h e i r  s k i l l s  but not 
in t h e i r  i n t e r e s t s .  They re ta ined  a s c h o la r l in ess  t h a t  enabled them 
to mainta in  contac t  with the humanities. During the second p a r t  o f  
the 19th cen tu ry ,  men o f  science began to  turn in to  s c i e n t i s t s .  
S c ie n t is t s  became specia l ized  in t h e i r  a t t i t u d e s  as w e l l  as in t h e i r  
f i e l d s  o f  knowledge. They became p r im a r i l y  concerned almost  
e x c lu s iv e ly  w i th  the problems and techniques p e c u l i a r  to t h e i r  
s c i e n t i f i c  s p e c ia l t y .  This was p a r t ly  due to the increase  in  
s c i e n t i f i c  knowledge which made i t  necessary fo r  one to  focus on a 
specia l  f i e l d ,
Dubos (1970) also makes the  point  t h a t  the i n t e l l e c t u a l  
narrowness o f  many s p e c ia l is ts  comes from the widespread assumption 
t h a t  the d iscovery  o f  new fac ts  is the most important  aspect  o f  
knowledge. He s ta tes  that  i f  one r e a l l y  be l ieves  t h a t  the  advancement 
o f  knowledge is more important than the possession o f  knowledge, then 
i t  may be j u s t i f i a b l e  to l i m i t  one's a t te n t io n  to the  kinds o f  s k i l l s  
and fac ts  requ ired  f o r  technical  progress in one’ s p a r t i c u l a r  f i e l d .
He be l ieves  t h a t  the so -ca l led  doc tora te  o f  philosophy is  now a 
misnomer, a c e r t i f i c a t e  of exp er t ise  in a narrow s p e c ia l t y  r a t h e r  than 
the ph i losoph ica l  understanding or even awareness o f  the  
i n t e r r e l a t i o n s h i p s  among the various f i e l d s  of knowledge.
According to McCain and Segal (1 9 7 3 ) ,  what d is t in g u is h e s  the 
s c i e n t i s t  from others is the a b i l i t y  to s ta te  problems and to  frame 
questions.  The s c i e n t i s t  must be one who can ga ther  ev idence and 
v e r i f y  conclusions,  who is a keen observer ,  exper imenter  and 
painstaking c l a s s i f i e r .  The s c i e n t i s t  gathers data and s tud ies  them,
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but 1n order to make the whole e n te rp r is e  s c i e n t i f i c ,  the s c i e n t i s t  
must organize and in te r p r e t  data .  Having knowledge is  not what makes 
a s c i e n t i s t ,  i t  is the method of a t ta inment  o f  knowledge tha t  
determines whether one is p lay ing the  game according to the r u le s .  I t  
1s the system o f  data-based exp lanat ion  t h a t  d is t in g u is h e s  science 
from dogma, A s c i e n t i s t  is not merely a man who makes profound 
imaginative d iscov er ies ,  but a man who regards the world as a whole.
The ideal s c i e n t i s t  is thought to possess such c h a r a c t e r is t i c s  as 
c u r i o s i t y ,  or  the tendency to exp lore ,  skept ic ism, i . e .  not tak ing  
things fo r  granted,  epistemic m ot iva t ion ,  the des ire  for  observat ion  
or experimental v e r i f i c a t i o n ,  p re c is io n ,  a l i k i n g  f o r  new ideas,  
o r i g i n a l i t y ,  an a b i l i t y  to r e f l e c t  c r i t i c a l l y  and independent ly ,  a 
w il l in g n e ss  to change opinions,  l o y a l t y  to  t r u t h  and honesty,  
perseverance, ded ica t ion ,  having an o b je c t i v e  a t t i t u d e ,  a d e s i re  for  
completeness o f  knowledge and of  exp lanat ion  and suspended judgement 
{Medawar, 1984) .
According to  Bronowskl (1973) ,  to be a good s c i e n t i s t ,  one needs 
to be b e l l i g e r e n t ,  con trary ,  questioning and cha l len g in g .  "Because 
th is  kind o f  p e rs o n a l i ty  makes changes in s o c ie ty ,  s c i e n t i s t s  are 
c a t a l y s t s ,  the s t im u la to rs ,  the crea tors  o f  change. One does not 
invent a new wor ld system by being s a t i s f i e d  w ith  what o ther  people 
have stated about how the world works. That d i s s a t i s f a c t i o n  goes 
through and through, and i t  makes a complete p e r s o n a l i t y .  The 
s c i e n t i s t  1s as completely involved in the whole o f  h i s / h e r  work as 
any poet or a r t i s t .  Science and knowledge are not f in is h e d  
en te rp r is e s .  Science is e s s e n t i a l l y  a s e l f - c o r r e c t i n g  a c t i v i t y . "
The d e f i n i t i o n s  of science given by s c i e n t i s t s  dur ing the  
in terv iews conducted in t h is  study g e n e r a l l y  agreed w i th  those which
have been mentioned. These include: "science is an understanding of
natura l  and physical phenomena through log ica l  inquiry ,  tes t ing  and 
v e r i f i c a t i o n ;  science is seeking the t ru th ,  f inding answers to 
questions using the s c i e n t i f i c  method as a tool ;  science is a means of  
solv ing problems or  acquiring knowledge; the s c ie n t i f i c  method is a 
r igorous,  o b je c t iv e  procedure designed to tes t  a hypothesis or  answer 
a quest ion;  science is t ry in g  to comprehend a mechanistic universe 
where there  is an u l t im a te  cause fo r  everything; and science may be 
used to judge the value of informat ion and data, and by providing 
basic fac ts  to decision-makers, i t  can be instrumental in decis ion­
making f o r  management and p o l ic y , "
When s c ie n t i s t s  were then asked during the interviews what i t  
means to them to be a s c i e n t i s t ,  the fol lowing a t t i tudes were 
expressed: "the s c i e n t i s t  is one who devotes one’ s l i f e  to one's
work; science is  a way o f  l i f e ,  a challenge, constantly t ry ing to know 
the unknown and seeking the t r u t h ;  science is goal-or iented and a way 
o f  f u l f i l l i n g  one's c u r i o s i t y  by pursuing creative  work; a sc ien t is t  
has an in te re s t  in nature,  a love fo r  i t ,  and a fascinat ion fo r  the 
d i v e r s i t y  of l i v i n g  things and t h e i r  in te rre la t io nsh ips ;  one who is 
conscient ious,  ye t  has i n t e g r i t y  and keeps emotionalism out o f  
science; and f i n a l l y ,  a s c i e n t i s t  can be a t rans la to r  of science and a 
p o s i t iv e  c o n t r ib u to r  to cu l tu re  and s o c i e t y . 1' These a t t i tudes were 
s im i la r  to those expressed by the d i f f e r e n t  authors.
1 be l ieve  the a t t i tu d e s  of  sc ie n t is ts  are as important as the 
s k i l l s  they acquire and the knowledge they obtain. Although 
s c i e n t i f i c  a t t i t u d e s  a f fe c t  b e l i e f s ,  sp ec i f ic  be l ie fs  are not i ts  most 
important product; i t  is an a t t i t u d e  toward problem solution. As 
Getrand Russell has said " I t  is not what the man of  science believes
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tha t  d is t ingu ishes  him, but how and why he bel ieves i t .  His b e l i e f s  
are t e n t a t i v e ,  not dogmatic, they are based on evidence, not on 
a u th o r i ty 1' { in  Dubos, 1970).
In my opin ion, a t t i t u d e ,  a lready defined in the In t rod uct ion ,  1s 
d i s t i n c t l y  more important as a c r i t e r i o n  of  science than is the sheer  
amount o f  s o l id  data ava i lab le  or  the degree of  development of  
knowledge. A t t i tu d es  being of such importance, in f luence fa r  beyond 
the Immediate e f f e c t .  When we change the way we view any important  
aspect o f  our world,  our a t t i tu d e s  toward other aspects of  the world  
also change. A t t i tudes  become more important than fa c ts .
During the interv iews,  most s c ie n t is ts  Indicated that  there is a 
d i f fe re n c e  between "applied" and "pure" research and t h a t  some 
s c ie n t is ts  involved in "pure" research are not of ten d i r e c t l y  
in te res ted  in how t h e i r  f indings w i l l  be u t i l i z e d .  In The Game o f  
Science. McCain and Segal (1973) said there are three d i f f e r e n t  kinds 
o f  s c i e n t i s t s .  The ’’basic" or "pure" s c ie n t is t  is concerned with  
knowledge per se regardless of I t s  relevance to p r a c t ic a l  
a p p l ica t io n s .  The "applied" s c i e n t i s t  is one whose research or  
development is focused sharply on well  defined techn ica l  goals.  The 
"mlsslon-or iented" s c i e n t i s t ’ s research has a so c ie ta l  ra ther  than 
technical  goal .  The "basic" s c ie n t is t  is engaged in  the task of  
a r t i c u l a t i n g ,  der iv ing  and generating pr inc ip les  tha t  have general  
explanatory power. Research may be narrow, and the s c i e n t i s t ’ s work 
may consist of  attempting to f i l l  in more sp e c i f ic  d e t a i l  w i th in  an 
already e x is t in g  conceptual schema. What is most e x c i t in g  and 
challenging for  the "basic" s c ie n t is t  is the c rea t ion  of new 
p r in c ip le s .  The "pure" s c ie n t is t  is p r im a r i ly  motivated by an urge to 
explore and understand, but society  supports fundamental research
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because experience has demonstrated how essent ia l  such work 1s for  
continued progress In technology. The "applied" s c ie n t is t  is more 
c lose ly  I d e n t i f i e d  with the app l ica t ion  o f  p r inc ip les  and concepts to 
a sp e c i f ic  and genera l ly  l im i te d  problem. The s c ie n t is t  works over a 
longer time span on a single problem. Since the spec i f ic  problem has 
not been solved before, time l im i t s  are harder to apply {McCain and 
Segal, 1973).
Some o f  the s c ie n t is ts  interviewed were of  the opinion that  
science is ju s t  a large c o l le c t io n  of  facts  and that  s c ie n t is ts  are 
"providers of accurate factual in format ion."  But McCain and Segal 
(1973) argue that  saying tha t  the accumulation of facts or  data is the 
primary goal of  science is a misunderstanding. They be l ieve  i t  is an 
important par t ,  but i t  does not lead to an understanding of  science.  
All human groups c o l le c t  data,  but not a l l  are s c ie n t is ts .  No 
s c i e n t i f i c  theory is  ju s t  a c o l le c t io n  of fac ts ,  for i f  so, then every 
theory would e i th e r  be r ig h t  or wrong, and would be so forever ,  which 
is usual ly  not the case.
To Bronowski (1977) ,  a l l  science is the search fo r  un i ty  in 
hidden l ikeness,  and science f inds order and meaning in experiences.
A theory is thought to be a c rea t ion ,  and the c rea t ive  a c t i v i t y  of  
science l ie s  in the process of induction. Creation engages the whole 
mind - not ju s t  the ra t iona l  i n t e l l e c t .  Therefore, though most of  the 
s c ie n t is ts  interviewed thought that  keeping emotions out of science is 
important,  some authors such as Bronowski (1965, 1977, 1978) would 
debate tha t .
Since science is created by the s c ie n t is t  and is a c re a t iv e ,  
o r ig in a l  a c t i v i t y ,  i t  must be more than a compilation o f  fac ts ;  and 
since science has a value system, i t  is not neu tra l .  Science is not
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neutra l  because the s c ie n t is t  cannot be detached, d i s i n t e r e s t e d  and 
dispass ionate .
Ethics is  the organ izat ion  o f  our conduct by concepts which hold 
i t  toge ther  as a whole,  concepts such as honesty and human d i g n i t y .
I t  is the study o f  man in soc ie ty .  Ethics is not a f i n a l  system, i t  
is  an a c t i v i t y  ju s t  as science is  {Von Hi ldebrand,  1972} ,
The r e l a t i o n  between science and e th ics  is q u i te  complex. Host 
of  our a t t i t u d e s ,  including those r e la te d  to e th ics  and m o r a l i t y ,  have 
been a f fe c te d  by s c i e n t i f i c  th in k ing  and discovery ,  "Applied"  
s c ie n t i s t s  have made many d iscover ies  d i r e c t l y  r e l a t e d  to human 
behavior ,  but s c i e n t i f i c  concepts themselves are not behaviors and
th e re fo re  are e t h i c a l l y  n e u t ra l .  Science should not be a mechanism,
but a human a c t i v i t y ,  and not a set o f  f ind ings  but th e  search f o r  
them. That science and s c i e n t is ts  are e t h i c a l l y  n e u t ra l  confuses with 
the f ind ings  of science which are,  but not the a c t i v i t y  o f  sc ience,  
which is  n o t .  This is why the values o f  science turn  out  to be 
recognizab ly  the human values: because s c i e n t i s t s  must be human, must
be f a l l i b l e ,  and y e t  must be w i l l i n g  to co r re c t  e r r o r s .  Of course a 
discovery ,  a fac t  or theory is n e u t r a l .  There is nothing moral or  
immoral about a theory.  But th is  does not mean th a t  science is
n e u t ra l ;  t h a t  idea is  a misunderstanding o f  what sc ience is .  Science
is  the process of discovery I t s e l f .  I t  is not only what s c i e n t i s t s  
know that  matters to them, but what they do not know. I f  science was 
ju s t  about matters o f  f a c t ,  then there  would be no debates in i t  and 
no new t h e o r ie s .  I f  science is an arrangement o f  f a c t s  and the 
preference o f  one arrangement to another,  then i t  is  a continuous  
attempt to f in d  t r u t h  in nature (McCain and Segal,  1973; Bronowski ,
1978}.
I be l ieve  th a t  s c i e n t i f i c  knowledge per se is not s u f f i c i e n t  to 
formulate  the values t h a t  govern human behavior ,  nor can i t  impose 
them or soc ie ty .  However, i t  can provide a more fac tua l  basis for  
options by g iv ing  the s t a t i s t i c a l  p r o b a b i l i t y  t h a t  c e r t a i n  
consequences w i l l  r e s u l t  from new techno log ica l  and soc ia l  p rac t ices .  
Since awareness o f  l i k e l y  consequences plays a large  r o le  in decis ion  
making, s c i e n t i f i c  knowledge can become an important c r i t e r i o n  in the 
eva lua t ion  o f  old value systems and perhaps in fo s t e r in g  the  
development o f  new ones. Skept ics have good reasons to  c la im,  of  
course, tha t  knowledge o f  consequences does not  n ec essa r i ly  modify 
human behavior,  f o r  most people are w i l l i n g  to take ca lc u la te d  r is k s .  
But s c i e n t i f i c  knowledge can help in decid ing what r i s k  is acceptable  
by d e f in ing  the s t a t i s t i c a l  p r o b a b i l i t y  t h a t  c e r t a i n  kinds o f  
consequences w i l l  occur,  thereby making i t  e a s i e r  to determine the 
r e l a t i v e  importance o f  these consequences w i th in  the framework of  
personal values (McCain and Segal,  1973) .
The s c i e n t i s t  may be able to  say with s c i e n t i f i c  v a l i d i t y  where 
p a r t i c u l a r  a c t i v i t y  may lead but cannot use s c i e n t i f i c  p r in c ip le s  to 
decide whether the a c t i v i t y  or  i t s  r e s u l t  is good. However, science 
can play a d i r e c t  ro le  in e t h ic a l  de term inat ions  in at l e a s t  two ways 
F i r s t ,  given an e t h ic a l  p r i n c i p l e ,  s c ie n t i s t s  can determine some 
externa l  condit ions th a t  are associated w i th  behavior  v i o l a t i n g  the 
p r i n c i p le .  Second, s c ie n t i s t s  can e s ta b l is h  tha t  the consequences of  
c e r t a in  behaviors are independent o f  any e t h ic a l  con s id era t ions .  On 
th is  basis,  anyone can make t h e i r  own e t h ic a l  judgements ( S u l l i v a n ,  
1975).
A paradigm may be def ined as a s o c ie t y ’ s dominant b e l i e f  
s t ruc tu re  th a t  organizes the way people perce ive and i n t e r p r e t  the
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func t io n ing  of  the  world around them. Dominant paradigms can be 
appl ied  to cu l tu res  or s o c ie t ie s  or s c i e n t i f i c  d isc ip l ines .  I t  
consis ts  o f  the values* metaphysical b e l i e fs ,  in s t i tu t io n s ,  and habits 
t h a t  condit ion  Ind iv idu a l  goals and expectations and provides a 
d e f i n i t i o n  o f  soc ia l  problems (Kuhn, 1970).
Kuhn (1970) claims t h a t  science is now being looked to as the 
a u th o r i ty  to t e l l  us how our natural world works. He states that  
science has given humans the power and cap ab i l i ty  to do many things 
th a t  have fa r - rea ch ing  s o c ia l ,  economic and p o l i t i c a l  consequences.
Vet the canons o f  science have lead sc ien t is ts  to s t r ive  to keep i t  
value f r e e ;  furthermore,  s c ie n t is ts  w i l l  not t r y  to give society a 
code o f  e t h ic s .  This study did convey that science is not being used 
t h is  way.
Despi te a highly-developed code o f  behavior regarding the 
s c i e n t i f i c  process, I found there is l i t t l e  in the background of most 
s c i e n t i s t s  concerning the e th ica l  basis of the applicat ion of 
knowledge to resource management decisions as seen from the 
in te rv ie w s .  While the e th ic s  of the s c i e n t i f i c  method are c lea r ly  
def ined (Medawar, 1984),  the e th ica l  considerations involved 1n the 
a p p l ic a t io n  o f  s c i e n t i f i c  information to resource management are not.
The s c i e n t i s t ’ s ro le  in the process remains poorly defined. This may 
stem from the h i s t o r ic a l  re la t io n s h ip  between the sc ient is t  and 
socie ty  ( M i lb r a th ,  1984).
Throughout th is  study i t  was d i f f i c u l t  to f ind strong s c ie n t i f i c  
r a t i o n a l e  behind the management plans, le t  alone an ethical  one, for 
the two were thought,  in g e n era l , to  be Incompatible. Instead, as I 
read through the  aims and object ives of  the management plans, I f e l t  
tha t  natura l  systems are thought to be commodities in the economic and
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p o l i t i c a l  sense whose production is to be maximized* opt imized*  
sustained or  whatever word nowadays subst i tu tes  f o r  sen s i t ive  
understanding.
Most of  the s c ie n t is ts  interviewed agreed tha t  s c i e n t i f i c  
research involves adhering to a set of s c i e n t i f i c  e th ic s ,  and a good 
s c i e n t i s t  must never v io la te  them; and th a t  the concepts o f  science 
and those o f  ethics belong to the same worlds, But according to 
Bronowski (1977) the body of  sc ie n t is ts  has to crea te  a code o f  
behavior to tame the pre judices ,  the v a n i t ie s  of in d iv id u a ls ,  f o r  the 
sake of reaching the t r u t h ,  not by d i c t a t o r i a l  imposi t ion* but by the 
agreement o f  free minds. I t  fol lows that  in order to be good 
cre a to rs ,  s c ie n t is ts  must have a set o f  values by which to l i v e .
Science gives a specia l  value to some forms o f  behavior ,  such as 
o r ig in a l  th ink ing ,  independence of mind, honesty, to le rance ,  and 
reasoned dissent,  which are v i r tues  in the world o f  science. In te rna l  
values therefore  do e x i s t  in science. S c ie n t is ts  tend to approve of  
knowledge and understanding, as seen during the in te rv iew s.  They 
t h in k  i t  is good to understand and to be able to explain  
r e la t io n s h ip s .  The consensus among s c ie n t is ts ,  as seen in th is  study, 
was tha t  knowledge and understanding are good in t h e i r  own r ig h t  and 
should be str ived f o r .  Some s c ie n t is ts ,  however, f e l t  th a t  knowledge 
in i t s e l f  is not important,  tha t  i t  should lead somewhere, have 
p r a c t ic a l  consequences, or make a social  co n tr ib u t io n .
Truth is not reached merely by the utterance of  new ideas, i t  
requires the confirmation of  those ideas. Science requires tha t  each 
person shall  respect what others say. Truth is the d r ive  at the 
center  of  science. One way o f  looking fo r  t ru th  is to f in d  concepts 
which are beyond challenge,  because they are held by f a i t h  or by
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author i ty  or the convection that they are s e l f -e v id e n t  (Medawar,
1984).
There is nothing absolute about the concepts of  natural  science.  
S c ie n t i f i c  knowledge is never absolute nor f i n a l ,  yet i t  remains va l id  
when considered in the social  and I n te l l e c t u a l  framework w ith in  which 
i t  was developed (Bronowski, 197B). As seen during the in terv iews,  
most respondents also rep l ie d  that  "there is no absolute t ru th  in 
science, nor can i t  ever be reached."
The resu l ts  of  the Interviews support my opinion tha t  there is 
inherent in the pract ice  of  science a set of  values without which 
science would be impossible.  Science could not be ca r r ied  out without  
t ru s t  among s c ie n t is ts ,  without o r i g i n a l i t y  and the o ther  values 
mentioned. These condit ions are necessary to the prac t ice  o f  science 
and are c le a r l y  not a set o f  neutral  ru les .  They make up a stern  
m ora l i ty :  the m ora l i ty  o f  t ru th ,  o b j e c t i v i t y  and i n t e g r i t y ,
One of the leading humanists o f  our t ime, Bronowski, 
mathematician, p hys ic is t ,  poet and philosopher,  s tates his main thesis  
as fol lows:  "There cannot be a decent philosophy* there  cannot even
be a decent science, without  humanity. The understanding of nature  
has as i t s  goal the understanding of  human nature,  and of  the human 
condit ion w ith in  nature” (Bronowski* 1977). I t  is fo r  th is  reason 
that  he places emphasis on science as a c re a t iv e ,  o r ig in a l  a c t i v i t y  
based on e th ics  and a stern m ora l i ty  of t ru th  and honesty. He also 
places a great  importance to moral conscience, r e s p o n s ib i l i t y  and duty 
as values sc ie n t is ts  should possess. The c i v i l  war in Spain, the 
horrors of  the exterminat ion camps and massacres, and, f i n a l l y ,  the 
o b l i t e r a t io n  of  the two Japanese c i t i e s  - which he v is i te d  as deputy 
ch ie f  of the B r i t is h  Mission in Japan - re inforced his b e l i e f  that
science and philosophy had to be ro t  only human, but humane a lso .
Thus h is  theor ies  are ro t  based on a s c i e n t i f i c  study, but on h is to ry  
and exper ience, the c o n f l i c ts  and human misery he had witnessed. His 
opinions and b e l i e f s  are based on his l i f e l o n g  search and study o f  the 
nature o f  science and s c ie n t is ts .
Bronowski <197B) claims that  s c ie n t is ts  are a c t i v e l y  t r y in g  to 
break out from the aura of impersonali ty  and even inhumanity w i th in  
which t r a d i t i o n  has bound them. He bel ieves t h a t  duty comes from an 
inborn sense and educat ion. The concept o f  duty as a va lue can be 
considered. The concepts o f  value are profound and d i f f i c u l t  because 
they do two th ings at  once: they Join people in to  s o c ie t ie s  and ye t
preserve for  them freedom which makes them in d iv id u a ls  {Bronowski,  
1965}. This concept o f  Bronowski was not e n t i r e l y  supported by my 
r e s u l t s .  Most in terv iewees would not consider duty as a value  
essent ia l  to s c i e n t i s t s .
"Some people fee l  that  s c ie n t is ts  have no s p i r i t u a l  urges and no 
human scruples,  because the only success th a t  science acknowledges is 
in conforming to  the mater ia l  facts  of the world .  Most people see 
nothing but the f in ished  discovery,  d ispassionate  and n e u t r a l .  How 
can they guess what devotion,  what singleness o f  mind is  needed in  the  
pursu i t  o f  t r u th  and knowledge. The m ora l i ty  o f  science is  sub t le  and 
grown from a simple p r in c ip le  - the p r i n c ip le  th a t  the community of  
s c ie n t is ts  shal l  be so organized that nothing shall  stand in the way 
of the emergence o f  t ru th"  {Bronowski, 1978).
Does or does not science represent a moral order? Does i t  
represent some p a r t  o f  the moral spectrum? The point  is  t h a t  perhaps 
s c ie n t is ts  are not responsible fo r  the use soc ie ty  makes o f  t h e i r  
achievements, but since the public supports them and puts t h e i r  t r u s t
in them, they must p u b l i c i z e  any p o te n t ia l  dangers they may see. The 
continued support o f  science by soc ie ty  w i l l  depend on the w i l l in g n e ss  
o f  s c ie n t is ts  to r e l a t e  t h e i r  professional  in te re s ts  to genuine human 
needs and goa ls .  Eventua l ly ,  says Bronowski (1965 ) ,  " s c i e n t i s t s  w i l l  
have to concern themselves with the problem o f  human h a p p in e s s /1
The in terv iews did reveal u n c e r ta in ty  about r e s p o n s i b i l i t y .  As 
was reviewed, d i f f e r e n t  opinions were g iven.  I t  was because o f  th is  
u n c er ta in ty  t h a t  I f e l t  a discussion o f  the " r e s p o n s i b i l i t i e s  and 
o b l ig a t io n s "  o f  s c ie n t is ts  is necessary. How responsible  should the 
s c i e n t i s t  be, does he/she have any moral o b l ig a t io n s  above those of  
any other c i t i z e n ?  I  be l ieve  t h a t  s c i e n t i s t s  are g u i l t y  o f  escapism 
and i r r e s p o n s i b i l i t y  i f  they do not  concern themselves w ith  the social  
consequences o f  t h e i r  work!
I th ink  th a t  i f  science 1s to  express a conscience, i t  must come 
spontaneously out of  the community of s c i e n t i s t s .  Is science as a 
d i s c i p l i n e  capable o f  insp i r ing  in those who p r a c t ic e  i t  a sense o f  
communal respo ns ib i1 i ty?  Can s c i e n t i s t s  be moved, as a body, to  
accept the moral decisions which t h e i r  key p o s i t io n  in th is  
c i v i l i z a t i o n  has th ru s t  upon them? I b e l ieve  yes! Both are questions  
o f  moral conscience; the f i r s t  is  a question o f  humanity,  the second 
o f  i n t e g r i t y .  I f  there is anything specia l  about being a s c i e n t i s t ,  I 
th in k  i t  is being more conscious than others th a t  one belongs to an 
in te rn a t io n a l  community. Science being an endless search f o r  t ru th  
where there is no d i s t in c t i o n  between means and ends, r e j e c t s  a l l  
those devices of  expediency by which humans who seek power excuse 
t h e i r  use o f  bad means fo r  what they c a l l  good ends. S c ie n t is t s  are  
more and more going to be face to face w ith  a choice o f  conscience  
between two m o r a l i t i e s :  the m o r a l i t y  of science, and the m o r a l i t y  o f
p o l i t i c a l  power. Though not many of the sc ien t is ts  and managers 
in terv iewed would agree w ith  me, I f i rm ly  believe that sc ien t is ts  can 
no longer  a f fo rd  to be passive, they must voice t h e i r  opinions and 
judgements based on the best av a i la b le  knowledge.
Bronowski (1978) said:  " In  world a f f a i r s ,  science has always
been an e n t e r p r is e  without  f r o n t i e r s  and sc ien t is ts  as a body make up 
the most successful in te rn a t io n a l  community in the world. In a world 
of un-United Nations,  the pub l ic  is searching for someone to act for 
the human race as a whole and hopes that  sc ien t is ts  w i l l  do t h a t . "
McCain and Segal (1973) said tha t :  " I f  we ask the question: Do
s c i e n t i s t s  have anything to say about ethics? The answer is yes,  
"Applied" science, in p a r t i c u l a r ,  is important because the "applied"  
s c i e n t i s t  attempts to devise ways to achieve the ethical  goals desired 
by in d iv id u a ls .  E th ica l  goals have to be established in nonscient i f ic  
ways, but once they are es tab l ished ,  the sc ien t is t  has the best 
oppor tun i ty  to f ind  out how to reach them. Once the goal is 
e s ta b l is h e d ,  s c i e n t i f i c  methods provide the best means for reaching 
them,"
Do s c ie n t i s t s  have a sense of  r igh t  and wrong? Have sc ien t is ts  
abandoned t h e i r  own r e s p o n s i b i l i t y  because they have lost  t h e i r  moral 
judgement? I have in terv iewed many indiv iduals who believe that  what 
is good or e v i l  cannot be judged by the standards of science. Science 
t e l l s  us only what is t rue and what is f a ls e .  True and fa ls e ,  they 
say, are matters of fac t ;  but good and e v i l  are matters of  conscience 
which l i e  on a d i f f e r e n t  plane. But Bronowski (1965) says th a t  this  
separat ion  is d e s t r u c t iv e  o f  sound m ora l i ty  for  i t  removes moral ity  
from the best by which we judge the things that happen around us every 
day and makes i t  something remote from our practical l ives .
Bronowski (1965) says th a t  true humanity is understanding*  
understanding nature and man. "There is a deep moral lesson in the 
p rac t ice  o f  science. The pains* the care* the pat ience,  the h um i l i ty ,  
the bewilderment,  the long hours spent in t ry ing  to see a l l  the facts  
in focus, the agony o f  re jec t ing  an explanation which seemed p lausib le  
but which f a i l s  to f i t  one obstinate fa c t ,  the i l lu m in a t io n  of  at la s t  
f ind ing the thread through the whole maze. Discoveries themselves are 
neutral  because they already belong to the past. The pract ice  o f  
science is  moral because i t  goes on without pause looking fo r  what is 
t ru e  and re je c t in g  what is f a l s e . "
S c i e n t i f i c  research can never be e n t i r e l y  free and uncommitted.
I t  is never v a lu e - f re e  because science needs the support of  society  
and a f fe c ts  most soc ia l  decisions (as was brought out during the  
in te rv iew  d iscussions) .  There is the need to develop new a t t i tu d es  
toward s c i e n t i f i c  philosophy. Bronowski (1965) says t h a t  throughout  
most of  the world the typical  s c ie n t is t  is  trained to th ink of  science  
not as a means but as an end; the professional ideal is  science for  
science’ s sake. I believe t h a t  i f  social  problems are to be 
considered from the purely s c i e n t i f i c  po in t  of view, s c ie n t is ts ,  being 
the ones w ith  the knowledge, are the best judges o f  t h e i r  r e l a t i v e  
importance and optimal solut ion.  But as was mentioned during the 
in te rv iew s ,  s c ie n t is ts  wil l  not read i ly  reconcile  themselves to th is  
change o f  emphasis. They w i l l  not r e a d i ly  accept t h a t ,  in f a c t ,  
"applied" science is  in many cases more demanding i n t e l l e c t u a l l y  than 
are the so-ca l led  purely academic sciences. The in v e s t ig a to r  in 
"appl ied"  science must accept the complexi t ies of  the natural world  
instead o f  se lect ing problems on the basis of  t h e i r  convenience for  
experimental ana lys is ,  s u i t a b i l i t y ,  rewarding speculat ion,  or
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o p p o r tu n i t ies  appeal.  Even E ins te in  said "Sociology 1s more d i f f i c u l t  
than physics1' ( in  Dubos, 1970J .
S c ie n t is ts  f i n d  i t  i n t e l l e c t u a l l y  u n j u s t i f i e d  and dangerous to  
Introduce sub jec t ive  values in t h e i r  professional  a c t i v i t i e s .  During 
the in te rv iew s ,  most in d iv id u a ls  thought the s c i e n t i s t  should not make 
value- judgements. McCain and Segal (1973) said tha t  one reason fo r  
t h is  a t t i t u d e  is th a t  values us u a l ly  involve complex s i tu a t io n s  not 
r e a d i l y  amenable to s c i e n t i f i c  a n a ly s is ,  such as r e la t io n s h ip s  among 
human beings, a e s th e t ic  exper iences,  and Judgements as to what is 
d e s i ra b le  or not.  Furthermore, values imply freedom and th e re fo re  
cannot be e n t i r e l y  accounted f o r  by s c i e n t i f i c  determinism.
The eva lua t ion  o f  social  m e r i t  or re levance to  human w e l fa re  and 
the values o f  man is  the most d i f f i c u l t  problem posed by the  
ap p l ic a t io n  o f  science. I t  1s a lso the most important because at the 
end, our values shape our knowledge, which in turn determines the 
q u a l i t y  of  l i f e  ( M i lb r a t h ,  1984).  But th is  does not mean t h a t  a l l  
science can be traced to  socia l  mot iva t ion  or to the search f o r  
p r a c t ic a l  a p p l ic a t io n s .  The "pure" s c i e n t i s t  who c o n t in u a l ly  pursues 
“pure" science creates a form o f  knowledge which has i n t r i n s i c  value  
and need r o t  be j u s t i f i e d  o therw ise .  I b e l ieve  th a t  both "pure" and 
"appl ied" research is  important.
1 th in k  tha t  one of  the g r e a te s t  dangers at the present t ime has 
to do with the attempt to avoid r e s p o n s i b i l i t y  in order  to avoid the 
f e e l in g  of g u i l t .  Bronowski (1978) says tha t  "We l i v e  in a 
c i v i l i z a t i o n  in which science is no longer a profess ion l i k e  any 
other .  For now power is knowledge, power over our environment grows 
from discovery.  There fore ,  those whose profession is knowledge and 
discovery hold a place which is c ru c ia l  in our s o c ie t ie s :  c ru c ia l  in
importance and the re fo re  1n r e s p o n s ib i l i t y .  This is  t rue  for  everyone 
who fo llows an i n t e l l e c t u a l  profession, and the r e s p o n s i b i l i t y  o f  the  
s c i e n t i s t  is  a p a r t i c u l a r  case of the moral r e s p o n s i b i l i t y  which every  
i n t e l l e c t u a l  must a c c e p t .11 He continues to  say t h a t  " I t  is f a i r  to 
give the r e s p o n s i b i l i t y  to  s c ie n t is ts  because t h e i r  pursu i ts  have for  
some time had the la rges t  p rac t ica l  in f luence on our l i v e s .
S c ie n t is ts  should accept the moral leadersh ip .  There is  now a duty 
l a i d  on s c ie n t is ts  to set an in c o r ru p t ib le  standard for  pub l ic  
m o r a l i t y .  I t  is the search fo r  t r u th  tha t  pays n o  a t t e n t i o n  to  
received opin ion ,  expediency or p o l i t i c a l  advantage. We have to  
f o s te r  th a t  public  understanding because in time i t  w i l l  work an 
i n t e l l e c t u a l  revo lu t ion  even in a f f a i r s  o f  s t a t e .  S c ie n t is ts  can act  
as guardians and as models for the public  hope t h a t  somewhere the re  is  
a moral a u th o r i ty  in man which can overcome a l l  obs tac les ."
Communication, or the need fo r  Improvement o f  communication, was 
a centra l  Important theme in a l l  the discussions held w i th  s c ie n t i s t s  
and managers during the in terv iews.  The respondents said th a t  more 
communication is needed between "basic" and "appl ied" s c i e n t i s t s ,  i f  
the d i s t i n c t i o n  is to be made, and between s c ie n t i s t s  and managers.
The s c ie n t i s t s  should take more t ime to see what research needs to be 
done for  the manager; l ik e w is e ,  the manager should take the t ime to 
discuss or ask questions about s c i e n t i f i c  reports  with the s c i e n t i s t s  
and be in te res ted  in the research c a r r ie d  on by the s c i e n t i s t  - to see 
i f  i t  may be pe r t in en t  information fo r  the planning or w r i t i n g  of  
management plans. Thus, I be lieve that  one o f  the  g rea tes t  
r e s p o n s i b i l i t i e s  o f  s c ie n t is ts  is communication.
The inte rv iews revealed that s c ie n t is ts  are not ,  in g e n e r a l ,  good 
communicators outside of t h e i r  narrow s p e c ia l ty  to t h e i r  peers; they
do not communicate t h e i r  knowledge to the pub l ic  adequately or 
e f f e c t i v e l y ;  nor are they concerned w i th  knowing the values,  a t t i t u d e s  
and b e l i e f s  the pub l ic  has towards the  marine environment.  
Environmental education has not been a primary concern or  p r i o r i t y  in 
the management plans I reviewed, nor do my in te rv iew s  of  s c i e n t i s t s  
and managers ind ic a te  th a t  much is going on. Environmental education  
should p r im a r i l y  be involved with man and his  perception and a t t i t u d e s  
towards the environment,  and th is  has of ten  been d isregarded ,  As long 
as the p u b l ic  does not support the marine conservat ion concept,  the 
establ ishment of a marine park by force  is f u t i l e ,  de fea ts  the 
purpose, and may only cause negat ive reac t ions  which can be d i f f i c u l t  
to undo. I be l ieve  that  the public  must be educated, f o r  w ith  
Ignorance and negligence comes the danger o f  o v e r e x p lo i t a t io n  and 
d e t e r i o r a t i o n  o f  the natura l  environment.
One o f  the most neglected aspects of environmental processes in 
the pub l ic  arena is the r o l e  o f  pub l ic  education in dec is ion-makir ig . 
Many d i f f e r e n t  forms of media can be used as suggested by the  
in terv iewees to educate the pub l ic ,  and I t h in k  there  is no real  
s u b s t i tu te  f o r  the i n te r a c t io n  of  the s c i e n t i s t  w ith  in d iv id u a ls  of  
the local community, 1 b e l ie v e  tha t  the r o le  the s c i e n t i s t  car play  
with decision-makers in government is provid ing a l t e r n a t i v e s  based or 
o b jec t ive  fa c ts ,  f o r  the s c i e n t i s t  is o f ten  asked an opinion based or 
the best a v a i la b le  knowledge. I t h in k  tha t  th is  is where judgement 
should be used. S c ie n t is ts  need to be persuaded th a t  a w e l l - in fo rm ed  
opinion is  b e t te r  than none at a l l .  I t  is necessary not only to 
acquire and publish the in formation in recognized s c i e n t i f i c  journa ls  
fo r  one’ s peers, but to i n t e r p r e t  such data and present i t  in an 
understandable fashion fo r  public  consumption. I t  is in th is  area,
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the t r a n s l a t i o n  and disseminat ion o f  s c i e n t i f i c  knowledge, that  there 
1s, as y e t ,  no recognized method f o r  the sc ient is t  to follow, I think  
t h a t  the weakness in the system of  rewards and recognition for  
s c i e n t i s t s  is t h a t  no c r e d i t  to public education and dissemination of 
f a c ts  at a leve l  understandable by a community without s c ie n t i f i c  
background is  g iven.  Almost a l l  the respondents believed that  
discovery and development o f  knowledge is more important than 
disseminat ion  o f  s c i e n t i f i c  knowledge. In fact ,  one can accept the 
hypothesis tha t  " S c ie n t is ts  do not play a ro le  in promoting or 
encouraging science as a means of  changing at t i tudes and opinions of 
management and the public  so as to influence public policy and 
u l t i m a t e l y  environmental management.*
From the in te rv iew s ,  both s c ie n t is ts  and managers f e l t  that  
advice to solve immediate problems In management was not often  
volunteered by s c i e n t i s t s ,  nor were sc ien t is ts  often consulted which
was substan t ia ted  in the plans reviewed. Even when sc ient is ts  were
consulted ,  at t imes i t  was to support the managers’ opinions and at 
other  t imes to obta in  unbiased advice.
Though most managers were confident that  science was being used
in the development o f  management plans, th is  was not evident when an 
o b je c t i v e  ana lys is  was made of  the s c i e n t i f i c  c i ta t ions  used as 
sources fo r  the plans.  Even the "grey" l i t e r a t u r e ,  which was thought 
by many respondents to be o f  value,  was not often c i ted  in the 
management plans.
When one looks at the Proceedings of the Fourth International  
Coral Reef Symposium held at Mani la ,  1981, 42, or 19%, out of  213 
papers presented were under the heading "Reef and Man,1’ which included 
top ics  such as f i s h e r i e s ,  environmental stress, resource management
%and marine park philosophy. Ten papers were on f ishing impacts (both  
rec rea t iona l  and commercial),  three were on the impacts made by dredge 
and f i l l  a c t i v i t i e s ,  one on sand-mining, one on the impacts of  oi l  
r e f i n e r i e s ,  one on impacts of  anchor damage, and eight on other  
aspects of  water p o l lu t io n .  Eighteen of the papers were on the 
purpose or philosophy o f  marine resource management and the  
establ ishment  of marine parks. Only two of these a r t i c l e s  were c i te d  
(one each in two management plans) since that meeting.
In my opinion, the essence of the dilemma l i e s  in the l im ited  
t r a n s f e r  of  knowledge. I t  is obvious from the interviews tha t  there  
is a l ack  of  the w i l l  to communicate, t ransfer  or disseminate 
In fo rm at ion,  educate or  even make ava i lab le  information comprehensible 
to n o n sc ien t is ts .  I t  i s  only a f t e r  accumulation and pub l ica t ion  of  
s c i e n t i f i c  information and then dissemination of  the data to  managers 
and the  public  via various media, publ ic  meetings and presentations  
tha t  In t e r e s t ,  awareness and concern w i l l  ar ise .
I bel ieve that science and sc ien t is ts  can play an important ro le  
in p u b l ic  p o l ic y  and management.
In general,  s c i e n t i f i c  information relevant  to natural  resource 
management consists o f  two types:
1) inventory data,  consisting of quan t i ta t ive  descr ip t ions ,  l i s t s ,  or 
assessments of  the resources in an area;
2 )  process eva luat ion ,  consisting of  the analyses and descr ip t ions o f  
processes at work w ith in  given ecosystems.
Analysis ,  in te rp re ta t io n  of the inventory data and select ion o f  
the management techniques to be applied requires knowledge of  the 
re levan t  l i t e r a t u r e  (Dubnick and Bardes, 1993).
Boulding 11958) s tates t h a t  the term "policy'*  g e n e r a l ly  r e f e r s  to 
the p r in c ip le s  t h a t  govern ac t ion  d i rec ted  towards given ends. A 
s im i la r  d e f i n i t i o n  is given by Worrell  (1970) as a s e t t l e d  course o f  
act ion adopted and fol lowed by a soc ie ty .  There fore ,  according to Van 
Dyke (196B) the th re e  components of  a p o l ic y  consist of :
1) goals;
2 ) a plan or  s t ra tegy  fo r  ach ieving the goals ,  ru les  or  guides to  
act ion or  methods;
3) ac t ion .
In natura l  resource management p o l i c i e s ,  these components are  
of ten  somewhat mixed in a chain o f  goals and methods ranging from 
broad soc ie ta l  goals to  s p e c i f i c  management o b je c t i v e s .
In P r ic e 's  view (1965) the system consis ts  o f  four  ca tego r ies ;
1 ) the p o l i t i c a l ,  concerned w i th  matters o f  value and judgement;
2 ) the a d m in is t r a t i v e ,  concerned w ith  applying the s k i l l s  and 
knowledge of p ro fess iona ls  to achieve the goals set by the members 
o f  the p o l i t i c a l  es ta te ;
3 ) the p r o fe s s io n a l ,  concerned with applying the knowledge of science 
to the a f f a i r s  o f  men;
4)  the s c i e n t i f i c ,  concerned only w ith  the search fo r  t ru th  and 
knowledge.
In general terms, "pub l ic  po l icy"  is the a p p l i c a t io n  o f  problem 
solving r e l a t i v e  to a pub l ic  problem and those actions government 
o f f i c i a l s  take (o r  avoid) in a t ta in in g  those ob jec t ives  (Dubnick and 
Bardes, 1993).
Publ ic  p o l i c ie s  are not ju s t  pervasive.  They are also meaningful  
in the sense t h a t  they con stan t ly  a f f e c t  the q u a l i t y  o f  our l i v e s .  We 
should recognize public  p o l ic ie s  as responses to and sources o f
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problems, says Dickson (1984) .  He says tha t  we can a lso  def ine  
"publ ic  p o l icy"  in problem-based terms. Public p o l i c ie s  are usua l ly  
def ined as human needs, d is s a t i s f i c a t i o n s  or dep r iva t ions  and are 
responses to public  problems.
For our purposes, I w i l l  de f ine  po l icy  as es ta b l is h e d  
i n s t i t u t i o n a l  gu ide l ines  and regu la t ions  fo r  the purpose o f  achiev ing  
environmental goals.  Standards developed for  the p r o t e c t io n  of the  
environment.
Likewise,  I propose th a t  resource management Is  manipulat ing  
c o n t r o l l i n g  factors  to achieve or maintain an end r e s u l t .  I t  is 
managing human a c t i v i t i e s  th a t  a f fe c t  the resource. I t  is  optimal use 
of  a resource achieved by maximizing human use while  at  the same t ime  
conserving the natura l  resource. I t  e n t a i l s  the re c o g n i t io n ,  
understanding, and knowing o f  a l l  the units  that  comprise a l l  the 
resources to manage, Including b i o lo g ic a l ,  p h ys ica l ,  c u l t u r a l ,  s o c i a l ,  
economic, and p o l i t i c a l  fa c to rs .
Environmental po l ic ies  are p r e v a i l in g  dec isions regarding those  
a c t i v i t i e s  that  so c ie t ies  w i l l  undertake, permit or  p r o h i b i t .  These 
p o l ic ie s  are c h a r a c t e r ! s t i c a l l y  made e x p l i c i t  in d e c la r a t io n s ,  laws,  
r e g u la t io n s ,  j u d i c i a l  decisions and in what people do {Dubnick and 
Bardes, 1983).
I t  was f e l t  by some o f  the interv iewees that  a t  present the 
s c i e n t i s t  does not seem to make p o l ic y ,  or even he lp  to make i t ,  and 
most o f  the time s c ie n t is ts  have no idea what s h i f t s  o f  p o l ic y  t h e i r  
advice is meant to serve. The s c ie n t is ts  are thought to have no 
control over the way in which what they say in counci l  w i l l  be 
presented to the pub l ic .
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I  th in k  tha t  science must be concerned more w ith  the  s o c ia l ,  
p o l i t i c a l ,  and even moral aspects o f  science p o l ic y .  Oubos (1970)  
said th a t  1,A socie ty  t h a t  b l in d ly  accepts the dec is ions o f  p o l i t i c i a n s  
is a s ick  soc ie ty  on i t s  way to death. The t ime has come to produce,  
alongside s p e c i a l i s t s ,  another c lass o f  scholars and c i t i z e n s  who have 
broad f a m i l i a r i t y  w i th  the fa c ts ,  methods, and o b je c t iv e s  of  science  
and thus are capable o f  making judgements about s c i e n t i f i c  p o l ic y .
Persons who work a t  the in te r fa c e  o f  science and soc ie ty  have become 
ess en t ia l  simply because almost every th ing  t h a t  happens in soc ie ty  is 
influenced by science."
Caldwel l  (1970) wrote that  "Damage to the environment has been 
g re a t ,  in pa r t  because the op p o r tu n i t ies  to bend nature  to human 
purposes have been great  and also because o f  deep and o f ten  u n c r i t i c a l  
popular commitment to economic development and to personal freedom.  
Environmental degradation has been a de fec t  o f  nat ional  v i r t u e s .  The 
a t t i t u d e  o f  d is regard ing  environmental damage should no longer be 
perm iss ib le  or poss ib le .  Developing counter- techno log ies  to correc t  
the new kinds of  damage constant ly  being crea ted by technological  
innovations is a p o l ic y  of despair  which commonly provides an excuse 
f o r  not fac ing  problems and thus c o n s t i tu te s  a form o f  escapism in to  
gadgetry from the complexi ty  o f  issues. S c i e n t i f i c  knowledge, on the 
other hand, can provide the understanding required  f o r  a r a t io n a l  
approach to  almost any kind of d i f f i c u l t  s i t u a t i o n .  I t  can g ive  
pol icy-makers the fac ts  on which to base dec isions and increase the 
numbers o f  options they have to work w i th ."
The s e le c t io n  o f  s c i e n t i f i c  goals which are s o c i a l l y  worthwhi le  
is of  c ru c ia l  importance p re c is e ly  because o f  d iscover ies  throughout  
our c i v i l i z a t i o n .  Any social  problem involves not only in d iv id u a l
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persons but even more the in te rp la y  and t h e i r  re lationships with the 
t o ta l  environment.  H is t o r y ,  environmental forces,  value systems, and 
a s p ira t io n s  a l l  play some r o le  in the p ract ica l  management of human 
a f f a i r s ,  resource management being one.
H. G. Wells in A Modern Utopia {1967] said there is a " log ical"  
fu tu re  and a "w i l led ' ’ fu tu re .  He said "Wil l is stronger than fa c t ;  i t  
can mold and overcome f a c t .  But th is  world has s t i l l  to discover i ts  
w i l l
In an inspired passage in Science and the Modern World. Whitehead 
(19Z5)  suggested tha t  "The order of nature as conceived by s c i e n t i f i c  
determinism has now taken the ro le  o f  fa te  in the Greek tragedy. The 
great  t raged ians  of the modern world are the sc ient is ts  with t h e i r  
v is io n  o f  f a t e ,  remorseless and i n d i f f e r e n t ,  urging an incident to i ts  
i n e v i t a b l e  i s s u e . . .  This remorseless inevitableness is what pervades 
s c i e n t i f i c  thought.  The laws o f  physics are the decrees of fa te .  
Fo r tu n a te ly ,  the app l ica t io n s  of science to human a f fa i r s  do not have 
a high degree of  I n e v i t a b i l i t y  as do the laws o f  nature."
Caldwell  (1970) says tha t  the tendency in  the past has been to 
deal w i th  environmental problems segmentally,  through specia l is ts  
whose f re q u e n t ly  c o n f l i c t i n g  judgements require  compromise or 
a r b i t r a t i o n .  In the absence of  an adequate in tegra t ing  and focusing 
purpose, i t  is  d i f f i c u l t  to d i r e c t  specia l ized knowledge into 
comprehensive, wel l -conce ived  and genera l ly  benef ic ia l  public act ion.
He b e l ieves  t h a t  the s o -c a l le d  segmental th ink ing ,  segmental dec is ion ­
making - the " p r a c t ic a l "  approach - has produced impractical results  
and t h a t  many of the worst  environmental er rors have been consequences 
o f  segmental, s ing le-purpose,  public  decision-making. Dealing w ith  
environments comprehensively need not imply d e ta i le d  analysis and
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synthesis o f  a l l  environmental factors before p o l ic ie s  can be 
formulated (Caldwell ,  1970).
The concept of "good" environment is c e r ta in ly  no less concrete,  
t a n g ib le ,  and s p e c i f ic  than the  concepts of  freedom, secur i ty ,  and 
w e l fa re ,  which have on various occasions served to  focus public  
p o l ic y .  "Environmental q u a l i ty "  can also be used as an organizing  
concept (M i lb ra th ,  1984; Medawar, 1904),
In the in troduct ion i t  was mentioned how there is uncerta inty  of 
what the in te ra c t io n  between science and pol icy  should be. Science 
and p o l i t i c s  need not have opposing conclusions regarding env iron ­
mental p o l ic y ,  according to Caldwell (1970).  He bel ieves that  a 
"body p o l i t i c "  b e t t e r  informed by science and a science applied in the 
service o f  w el1-considered values would provide a f i rm er  and broader  
basis f o r  public environmental decision-making, He concludes t h a t  a 
coherent p o l i t i c a l  philosophy, with the s c i e n t i f i c  a t t i tu d e  and 
evidence respected in  r e la t io n  to human needs and c a p a b i l i t i e s ,  would 
g r e a t ly  strengthen the conceptual base upon which sound environmental 
po l icy  could be b u i l t .
Science is becoming b e t t e r  able to measure and describe the  
systematic in terre latedness o f  man's t o ta l  environment and to
ascer ta in  the ram if icat ions o f  environment-shaping a c t i v i t i e s .  I t  is
enabling man to see with a new comprehension the nature and
consequences of human impact upon the environment. Science may thus
a f fo rd  a conceptual basis fo r  public environmental pol icy that  ne i ther  
e th ics ,  aes the t ics ,  economics, nor engineering have been able,  thus 
f a r ,  to  provide (M i lb ra th ,  1984).
Dickson (19S4) claims t h a t  were environmental q u a l i ty  to become 
as p o l i t i c a l l y  dec is ive  an issue as foreign pol icy or  c i v i l  r ig h ts  (as
1 0 2
examples),  one could assume i t  would rece ive  more a t te n t io n  from 
p o l i t i c a l  forums. U n fo r tu n a te ly ,  seldom have the d e s t in ie s  o f  
p o l i t i c a l  p a r t ie s  turned on the outcome o f  an environmental issue.
This is p a r t l y  because environmental q u a l i t y ,  as a general  
propos i t ion ,  is vaguely perceived in the minds of  most people.  
"Environmental q u a l i ty  must somehow come to symbolize a widely-shared  
and d e e p l y - f e l t  a t t i t u d e  toward l i f e  i t s e l f .  People have fought,  bled 
and died fo r  peace, j u s t i c e ,  freedom and e q u a l i t y ,  why not fo r  
environmental qua l i ty?"  {Ca ldw e l l ,  1970}.  That is why I b e l ieve  i t  
i s  important fo r  s c i e n t i s t s  to be concerned about a t t i t u d e s  people 
have toward the environment and be in te re s te d  in educating them on 
important environmental issues.  I f  s c i e n t i f i c  evidence and reasoned 
argument are the appeals th a t  are r e a l l y  requ ired  to arouse support 
f o r  environmental q u a l i t y  as a p o l ic y ,  then one must speed up popular  
understanding and preference w ith  respect  to environmental  
r e l a t io n s h ip s ,  Public p o l i c ie s  based on sc ience-der ived  understanding 
o f  man/environment r e la t io n s h ip s  would d imin ish the r o le  o f  the  
p o l i t i c i a n  and augment the p o l ic y  ro les  o f  s c i e n t i s t s .
In my opin ion, the r e a l l y  s i g n i f i c a n t  p o l ic y  is tha t  which 
a c tu a l ly  inf luences the behavior o f  people.  The most powerful  
uni fy ing force  behind a p o l ic y  is  a commonly-shared, simple, 
persuasive idea. To be so, the concept must r e l a t e  d i r e c t l y  to the 
perceived needs of the people.
Environmental management implies gu ide l ines  and con tro ls  over the 
act ions o f  men. The environment is managed through the management of  
human beings (Caldwell ,  1970) .  The in terv iewees also agreed th a t  one 
must "manage" people, whether through p o l ic e  powers, in d o c t r in a t io n  or 
through passive means.
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A r a t io n a l  approach to public  environmental p o l i c y  would seek to 
e s tab l ish  eco log ica l  base l in e s  to meet the known needs and values of  
the society  (C a ldw e l l ,  1970) ,  The more ample the margin between the 
resources o f  the ecosystem and the demands upon i t ,  the g re a te r  the  
capacity  o f  the system f o r  f l e x i b i l i t y ,  v a r ie t y  and s e l f - r e n e w a l .
Dickson (1984) s ta tes  t h a t  incomplete evidence regard ing eco log ica l  
processes is  not necessar i ly  a good argument for  f a i l i n g  to adopt a 
p ro tec t iv e  environmental p o l ic y .  Incomplete evidence is not 
necessar i ly  i n s u f f i c i e n t  evidence fo r  pu b l ic  ac t ion ,  " i f  th a t  i s  what 
one needs f o r  pub l ic  a c t io n ,  there would be almost nothing upon which 
governments might l e g i t i m a t e l y  act" (Dickson, 1984) .
I mainta in  that  i t  is  every human b e in g ’ s r i g h t  to have a safe  
and hea l th fu l  environment.  An important task of environmental po l icy  
and management I s  to d iscover  and apply concepts and procedures th a t  
would not only s t a b i l i z e  soc ie ty  but would also enable  soc ie ty  to  cope 
with environmental problems. Science and s c i e n t i s t s  can th e r e fo r e  
play an important  ro le  in  environmental po l icy  and management by 
g iv ing  advice.
As I have t r i e d  to  demonstrate, human percept ions and moral 
values are important  and should be a p a r t  o f  science.  Ind iv idua l  
s e l f - r e s t r a i n t ,  although important,  is not a r e l i a b l e  means o f  
protect ing  the environment.  I n t e r n a l i z in g  of e c o l o g i c a l l y - v a l i d  
behavior p a t te rns  could g r e a t l y  f a c i l i t a t e  the ad m in is t ra t io n  o f  
public  environmental p o l ic y .  I f  p ro tec t io n  of the ecologica l  basis  of  
l i f e  is both in  one’ s s e l f - i n t e r e s t  and in the p u b l i c - i n t e r e s t ,  then 
the f i r s t  major task o f  p o l ic y  development is to maximize pub l ic  
understanding. This implies  public understanding o f  why i t  is so.
Groups of s c i e n t i s t s  can make voluntary e f f o r t s  to arouse p u b l ic
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awareness and concern and to ass is t  people and t h e i r  p o l i t i c a l  
represen ta t ives  toward understanding t h e i r  c o l l e c t i v e  eco log ica l  s e l f '  
i n te r e s t  and what must be done to p ro tec t  i t .
Man as a species does not and cannot l i v e  a lone.  As S to re r  
(1953) sa id ,  humans are pa r t  of  the Mweb o f  l i f e . "  By p ro tec t in g  the 
e a r t h ’ s environments and species, human beings not only show respect  
but also take p r a c t i c a l  ac t ion  toward m a in ta in ing  the condit ions  that  
w i l l  permit  t h e i r  own su rv iva l !  The marine environment is one such 
environment that  needs to be protected!
P la to  said t h a t  "Education is  not teaching people to know what 
they do not know, i t  also means teaching them to  behave as they do not 
behave." When asked the quest ion:  "How can the wor ld be crea ted f i t
fo r  men to l i v e  in?" Plato  would answer: "Create men f i t  to l i v e  in
such a world; the means f o r  t h i s  l i e  in  educat ion,  but 1t must be an 
education concentrated on the development of the v i r t u e s  necessary to  
bring in to  being the  kind o f  soc ie ty  t h a t  we should d es ire"  ( in  Dubos, 
1970}.
CONCLUSIONS
Through ana lys is  o f  the management plans, I did not always see a 
strong r e l a t io n s h ip  between expected resu l ts  published in the 
s c i e n t i f i c  l i t e r a t u r e  and actual management plans. Host of the 
science used in the plans was in the descr ip t ion  of  natural resources. 
I t  was hard to determine prec ise ly  whether or not the plans are  
e f f e c t i v e  because they have a l l  been w r i t te n  only recently.  But from 
the few s i t e s  I did v i s i t ,  I f e l t  the plans are not as e f fe c t iv e  as 
they could be, A few reasons fo r  th is  may be:
1 } many o f  the o b jec t ives  and goals stated in the management plans 
were not accomplished;
2 ) v i o l a t o r s  were not always prosecuted;
3) not much monitoring was done to see i f  there were any changes in 
the hea l th  o f  the r e e fs ;
4)  in some areas,  though the marine park has been established fo r  a 
few years ,  the pub l ic  is  not even aware o f  i t s  existence, l e t  
alone educated as to i t s  importance,
A number o f  recommendations can be made to improve the 
u t i l i z a t i o n  o f  science in natural resource policy and management, t 
be l ieve  tha t  the recommendations have wide applicat ion to the various 
f i e l d s  o f  natural  resource management, not ju s t  to coral reefs.
The in terv iews and analys is  of plans made fo r  coral reef areas 
may also provide guidance in the managing of  other natural resources 




1) Improve research or primary l i t e r a t u r e  report s ty le  and format by 
including improved summaries in p la in  language tha t  demonstrate 
c l e a r l y  what was discovered and the s t a t i s t i c a l  analysis  
in te rpre ted  in terms of  importance to management. Improve the 
q u a l i t y  of  1,g re y h or "secondary" l i t e r a t u r e  by having b e t t e r  
q u a l i t y  c o n t ro l ,  bet ter  synthesis and more a c c e s s i b i l i t y .
2) Promote on-going, fundamental, ’’basic" research as well as 
problem-oriented "applied" research to s p e c i f ic  management needs. 
Include proponents of  d i f f e r e n t  user philosophies in the planning  
of  research e f f o r t s  and have sc ien t is ts  examine completed 
pro jec ts .
3) Improve communications between:
a) "applied" and "basic" s c ie n t is ts ,
b) s c ie n t is ts  and managers,
c) s c ie n t is ts  and the pub l ic .
In order  to make public awareness, understanding, concern and 
act ion a p r i o r i t y ,  environmental education should be promoted. 
S c ien t is ts  should be encouraged to communicate t h e i r  research  
re s u l ts  to managers and the public,  when p e r t in e n t ,  through the 
media or other t r a d i t io n a l  ways - not jus t  to  o f f e r  knowledge and 
understanding, but value-judgements on the best ava i lab le  
in formation.  Dissemination of  knowledge can be more c ru c ia l  at 
times than mere discovery and development of  knowledge. Knowledge 
and concern o f  a t t i tudes  the public has towards marine 
environmental protect ion can only be at ta ined through in te ra c t io n  
and communication.
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4) Encourage s c ie n t is ts  to play an a c t iv e  r o le  in environmental  
pub l ic  p o l ic y  by tak ing  par t  in a l l  phases o f  pol icy-making as 
advisors and consultants .  While doing so, s c ie n t is ts  must always 
keep in mind the e s s e n t i a l i t y  of  adhering to the values of  science 
and s c i e n t i f i c  e th ic s .
5) Es tab l ish  an advisory committee composed of s c ie n t is ts  ( 'b a s ic "  
and " a p p l ie d " ) ,  env ironm en ta l is ts ,  educators, managers, p o l ic y  
a n a ly s ts ,  planners and economists. Inc lus ion of rep res en ta t ives  
from the d i f f e r e n t  user groups ( in c lu d in g  both opponents and 
proponents o f  the plan) in such a committee may also prove to be 
b e n e f i c i a l ,
The establ ishment of  an advisory committee f o r  an area o f  
management is a cen tra l  recommendation. The other recommendations 
could be implemented w i t h in  t h is  framework. For instance,  contact  
between s c ie n t i s t s  and others w i t h in  t h i s  type of  committee could 
provide the  input necessary fo r  r e v is io n  o f  research re p o r t  s ty le  and 
format.  Communication problems could be i d e n t i f i e d  and solut ions  
devised.  The committee would a lso be able to  coord inate  research  
e f f o r t s  and provide an oppor tun i ty  f o r  re p res en ta t ives  o f  opposing 
i n te r e s ts  to a c t u a l l y  p a r t i c i p a t e  in  the natura l  resource management 
process. I t  is important that  opponents p a r t i c i p a t e  in the 
establ ishment of  the s c i e n t i f i c  base f o r  management. The ir  opposit ion  
of ten  determines the data needs fo r  d e c is i o n m a k in g , and t h e i r  
p a r t i c i p a t i o n  in planning and monitoring research would prevent  
suspicion of  b ias .  The committee might also guide review and 
synthesis of  the re levan t  s c i e n t i f i c  informat ion into  management 
pro p o sa ls ,
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The p a r t ic ip a n ts  in most natural  resource p o l i c y  Issues share 
in te res ts  in aes the t ics ,  re c re a t io n ,  conservation and economic 
opp or tun i t ies .  These common in te re s ts  can provide an adequate basis 
fo r  negot ia t ion  and compromise (C a ldw e l l ,  1970). My study ind ica tes  
that  the need fo r  new knowledge is a t  times less c r i t i c a l  than the 
t ra n s fe r  o f  ex is t in g  knowledge in the r ig h t  form and at the r ig h t  
time. The communication gaps that  present ly  e x i s t  between managers, 
s c ie n t is ts  and decision-makers ( in c lud ing  the p u b l i c )  are acknowledged 
to be l a rg e r  and more important problems than the gaps in knowledge 
about environmental e f f e c t s .
I be l ieve th a t  e t h ic a l  and aes the t ic  considerat ions to g e th e r  with  
s c i e n t i f i c ,  economic, p o l i t i c a l  and social  understanding and the  
incorporat ion of a l l  these elements in  equal or necessary proport ions  
and importance w i l l  be the only way to salvage our natural environment  
and e s p e c ia l ly  the marine environment.  Unt i l  awareness and concern is 
achieved, present values, a t t i tu d e s  and b e l ie fs  can only lead  to 
d e t e r io r a t io n  o f  our na tura l  marine resources. The outcome w i l l  res t  
on a value system that  1s in need o f  reevaluat ion  and a more uniform 
approach to the ro le  o f  science and sc ie n t is ts  in a rap id ly  changing 
socio-economic environment.
In conclusion, as a r e s u l t  o f  eva luat ion  o f  in te rv ie w s /  
questionnaires and the ana lys is  of management p lans ,  one may accept  
the general hypothesis: "S c ie n t is ts  do not play a role in promoting
or encouraging science as a means o f  changing a t t i t u d e s  and opinions  
of management and the p u b l ic  so as to  influence pub l ic  p o l ic y  and 
u l t im a te ly  environmental management."
The ob jec t ive  of the study was to see i f  science and s c i e n t i s t s  
play a ro le  in po l icy  formation and management. By examining what
M W
s c ie n t is ts  are doing and have done, one senses they a re ,  but not as 
adequately nor e f f e c t i v e l y  as possib le .  The r e s u l t s  o f  t h is  study 
have demonstrated weaknesses In the system.
The lengthy discussion or  argument t h a t  was presented as to  the  
r o le  s c ie n t is ts  should play should be jo ined  by a l l  s c i e n t i s t s  who 
be l ieve  the ro le  o f  science and s c i e n t is ts  is only " to  seek knowledge 
and t r u t h . ” Those s c ie n t is ts  who have doubts and u n c e r ta in t ie s  as to  
how responsible the s c i e n t i s t  should be in s o c ie ty ,  whether he/she has 
any moral o b l ig a t io n s ,  should decide fo r  themselves why or why not,
1 b e l ieve  th a t  the t r a d i t i o n a l  ro le  o f  the s c i e n t i s t  is changing.
The time has come f o r  a new breed of  s c i e n t i s t s  who remain neutra l  in 
t h e i r  s c i e n t i f i c  f in d in g s  but are not a f r a i d  to g ive  value-judgements  
or  voice t h e i r  b e l i e f s  and opinions.  We need more s c i e n t i s t s  who not 
only have a f i rm  commitment to  seeking the t ru th  but are w i l l i n g  to go 
a step beyond th a t  and help communicate and understand the t r u t h .  We 
need s c ie n t is ts  who want to adv ise and a c t i v e l y  p a r t i c i p a t e  in  
resource management and p o l ic y  formation.  Also, s c i e n t i s t s  are needed 
who r e a l i z e  the importance o f  knowing and being concerned about 
a t t i t u d e s ,  values and b e l i e f s  the public  has towards p ro te c t in g  the 
marine environment.  By knowing such a t t i t u d e s ,  s c i e n t i s t s  can promote 
and encourage a general awareness of the causes and consequences f o r  
man, soc ie ty ,  and the world o f  environmental problems and urge the  
adoption o f  e t h ic s ,  a t t i t u d e s  and values l i k e l y  to c o n t r ib u te  to the 
p ro tec t io n  and improvement o f  the environment.  An understanding of  
science can do t h i s ,  and s c ie n t is ts  can play a key r o le  fo r  they are  
the ones who possess the knowledge.
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APPENDIX A
Quest ionnaire U t i l i z e d  In Interviews  
With S c ie n t is ts  and Managers
1. Degree{s) and year o b t a i n e d ______________ _
M a j o r ( s ) _______   _ _ _ _ _ ________________ _ _ _
Age _____
P o s 1 t 1 o n / T i t i e _______________________ _ ___________„
I I .  What is your working perspect ive  o f  the nature of  science and the 
s c i e n t i f 1 c  method?
I I I .  What does i t  mean to you to be a s c ien t is t?
IV. How do s c i e n t i s t s  know what they know?
V. Of what importance is your s c i e n t i f i c  study toward i ts  
c o n t r ib u t io n  to p o l ic y  and/or  management?
V I .  What are the rewards and/or f r u s t r a t io n s  about doing s c ie n t i f i c  
research?
V I I .  What do you c l a s s i f y  as environmental policy?
V I I I .  What are the rewards and/or f r u s t r a t io n s  about gett ing involved 
1n p o l ic y  formation decisions?
IX, What do you consider the f i e l d  resource management embraces?
X, What are the rewards and /or  f r u s t r a t io n s  about designing a 
management plan?
t is
L i f t
[1 ]  IF  SCIENTIFIC  RESEARCH IS  "PURE" OR "BASIC", THEN THE RESULTS HILL 
NOT BE DIRECTLY UTILIZED.
1. There is  a d i f f e r e n c e  between "pure” o r  "basic” research and 
"app l ied"  rese arch .
s t r o n g ly  agree [ ] agree [  ] d isagree  [ ] s t rongly  d isagree  I ] 
Probe: I f  you agree, what is  the d i f fe ren c e?
2 .  S c i e n t i s t s  invo lved  in "pure" research are not l i k e l y  to be 
d i r e c t l y  in te r e s te d  in how t h e i r  f in d in g s  w i l l  be u t i l i z e d  or  
ap p l ied  1n p o l i c y  formation or  in management p lans,
s t ro n g ly  agree [ ] agree [ ] d isagree  [ ] s t ro n g ly  d isag ree  [ ]
Probe: What do you p e r s o n a l ly  th ink?
3, In g e n e ra l ,  "grey" l i t e r a t u r e  s c i e n t i f i c  reports  published by 
government agencies and /or  u n i v e r s i t i e s  are useful  to e i t h e r  
s c i e n t i s t s  o r  managers in t h e i r  p lanning of management p r o je c t s ,
s t ro n g ly  agree [ ] agree [ ] d isagree  [ ] s t rong ly  d isagree  [ ]
Probe: Can you provide some s p e c i f i c  t i t l e s  or s p e c i f ic  repor ts
t h a t  you b e l ieve  were most usefu l?
Probe: Are th e re  any r e p o r ts  prepared by government and/or  the
u n i v e r s i t i e s  f o r  management purposes t h a t  have l i t t l e  or no 
use?
Probe: How would you advise making agency or u n iv e r s i t y  repor ts
more usefu l  in fo rm u la t ing  management po l icy?
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4. S c ie n t i f i c  c r i t i c i s m  o f  a management proposal causes management 
agencies to take account o f  the "pure ’ research l i t e r a t u r e ,
strongly agree [ ] agree [ ] disagree [ ] strongly disagree [ ]
Probe: I f  you agree, why?
Probe: I f  you disagree,  then do you th ink they would more l i k e l y
take into  account the "applied" research l i t e r a t u r e ?
[21 THE MORE FORMAL EDUCATION ONE HAS. THE MORE ONE WILL UTILIZE THE 
SCIENTIFIC INFORMATION RELEVANT TO POLICY-MAKING AND/OR MANAGEMENT 
DECISIONS.
5, One’ s degree o f  formal education indicates the amount of  s c i e n t i f i c  
information one w i l l  u t i l i z e  when making pol icy or management 
dec is ions .
strongly agree [ ] agree [ ] disagree [ ] strongly disagree [ J
Probe: What is more important in such a s i tu a t io n ,  knowledge or
experience?
[31 SCIENTISTS IN NATURAL RESOURCE FIELDS 00 NOT GIVE ADVICE THAT HAS 
APPLICABILITY TO INMEDIATE PROBLEMS IN MANAGEMENT,
5, Research on the applicat ions of  science is a v a l id  and proper ro le  
fo r  a s c ie n t is t ,
strongly agree [ ] agree [ ] disagree [ ] strongly disagree [ j 
Probe: Why do you feel that  way?
Probe: Are you involved in applied research?
Probe: Is i t  proper for  sc ien t is ts  to give advice on management
deci sions?
1 1 H
7, Host s c i e n t is ts  t r y  to  in f luence management decis ions based only on 
t h e i r  own s c i e n t i f i c  work,
st rong ly  agree [ J agree [ ] disagree [ ] s t rong ly  disagree [ ]
Probe: Does your s c i e n t i f i c  research have s ig n i f ic a n c e  r e l a t i v e  to
management plans?
Probe: Do you inf luence management decisions based only on your  
own s c i e n t i f i c  work?
8, S c i e n t i f i c  research helps solve some o f  the immediate problems in 
management.
st rongly  agree [ ] agree [ ] disagree [ ] s t rong ly  disagree [ ]
Probe: I f  you agree, how?
Probe: I f  you d isagree ,  exp la in  why.
9, S c ie n t is ts  of ten  v o l u n t a r i l y  o f f e r  advice or c r i t i c i s m  on a 
management issue and /or  opt ion.
s t rongly  agree [ ] agree [ ] d isagree [ ] s t rongly  disagree [ ]
Probe: Do you feel you should o f f e r  advice v o l u n t a r i l y  or do you
w a i t  un t i l  i t  is  requested by the manager?
10. S c ie n t is ts  of ten  v o l u n t a r i l y  o f f e r  c r i t i c i s m  on an approved 
management plan th a t  appears to go contrary to  t h e i r  f ind ings .
st rongly agree [  1 agree [  1 d isagree [  ] s t rongly  disagree [  J
Probe: Qo you feel they should?
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11. One o f  the funct ions of research s c ie n t is ts  is to develop t h e i r  
f ind ings in to  management techniques.
s t rongly  agree [ ] agree [ ] d isagree [ ) s t ro n g ly  d isagree [ ] 
Probe: Why is f t ,  or  is i t  not appropr iate? Should they do so?
Probe: Do you th ink  tha t  i t  is more appropr ia te  fo r  management
agencies to develop s c i e n t i f i c  f ind ings  in to  management 
techniques?
12. A l l  research is geared towards "real  world" problems.
strongly  agree f ] agree [ ] disagree [ ] s t rong ly  d isagree [ J 
Probe: Why or  why not?
Probe: Should i t  not be?
[4 ]  SCIENTIFIC ADVICE IS SOUGHT FROM RESEARCH PERSONNEL BY MANAGERS TO 
GAIN SUPPORT FOR OPINIONS AND OBJECTIVES RATHER THAN OBTAIN 
UNBIASED ADVICE ON MANAGEMENT CHOICES.
13. Managers constant ly  demand s c i e n t i f i c  in format ion and knowledge 
from s c ie n t is ts  to use in pol icy-making and f o r  management 
dec1sions.
s t rongly  agree [ ] agree [ 1 disagree [ ] s t rong ly  d isagree  [ ]
Probe: Do s c i e n t i s t s  mind being asked fo r  t h e i r  opinions and
knowledge?
14. The information given by s c ie n t is ts  to resource managers is o f ten  
used to support the managers’ opinion only.
s t rong ly  agree [ 1 agree [ ] d isagree [ ] s t rong ly  d isagree [ ] 
Probe: Why do you th in k  so?
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15. The In format ion given by s c i e n t i s t s  to resource managers is used to 
shed new l i g h t  o n  management problems.
s t rong ly  agree [ ] agree [ ] d isagree [ ] strongly disagree [ ]
Probe: Do you have any evidence o f  th is?
16. Upon planning a management p r o je c t ,  a manager consults with such 
persons as experienced p r o je c t  p lanners ,  applied s c ie n t is ts ,  and 
engineers f o r  advice.
strong ly  agree [ 1 agree [ ] d isagree [ ] strongly disagree [ ]
Probe: Why do you feel th is  is so?
Probe: Would you necessar i ly  ask a l l  of  them for advice?
Probe: Whose advice would you t r u s t  the most?
17. Upon planning a management p ro je c t ,  a manager consults with  
research s c i e n t i s t s .
st rong ly  agree [ ] agree [ ] d isagree [ ] strongly disagree [ ]
Probe: Is  th is  of ten the case? Why or  why not?
[5 ] SCIENTISTS ARE NOT "ACTIVELY" INVOLVED IN INFLUENCING PUBLIC 
POLICY,
IB. I t  is  appropr ia te  fo r  s c ie n t i s t s  to play an "active" ro le  during 
the f a c t -g a th e r in g  phase o f  po l icy-making,  but not during policy  
development and promulgation.
s t rong ly  agree [ 1 agree [ ] d isagree [ ] strongly disagree [ J
Probe: I f  you agree, why?
Probe: I f  you d isagree ,  then do you th ink they should play an
a c t iv e  ro le  in a l l  three phases, or a passive ro le  in sore?
Probe: How should they play a part?
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19. I t  is not appropr ia te  fo r  s c ie n t is ts  to represent themselves as a 
s c i e n t i f i c  expert in a controvers ia l  po l icy  matter in an area not 
d i r e c t l y  in t h e i r  f i e l d  o f  experience or in which they have not 
done s p e c i f i c  research during formal proceedings.
s t rongly  agree [ ] agree [ ] d isagree [ ] strongly disagree [ ]
Probe: What may be the complications?
Probe: Have you ever been an expert witness?
Probe: How close was the topic  on which you were t e s t i f y i n g  to
your immediate research a c t i v i t i e s ?
Probe: Is  i t  appropr ia te  fo r  a s c i e n t i s t ,  as with any c i t i z e n ,  to
become Involved in  controvers ia l  pol icy matters involving  
science and technology even though he/she is not an expert  
in  the area? Why?
Probe: What should the s c ie n t is t  do in such a s i tuat ion?
Probe: Would a s c i e n t i s t  have more o f  an input than other
c i t i z e n s ?
20. S c ie n t is ts  do not at a l l  want to concern themselves (or be 
burdened) with in f luenc ing  or forming public pol icy .
strongly  agree [ ] agree [ ] disagree [ ] strongly disagree [ ]
Probe: I f  not,  why not?
Probe: I f  you agree,  how " a c t iv e 1’ a ro le  do they play? Or should
they play?
Probe: How have you s p e c i f i c a l l y  used your knowledge o f  science to
inf luence or form public  policy?
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[S] SCIENTISTS INVOLVED IN MANAGEMENT DECISION-MAKING VIOLATE THE 
SCIENTIFIC ETHIC OF AVOIDING BIAS IN THEIR ACTIONS,
21. When "managing" a resource, only s c i e n t i f i c  information re levant  to 
the natural resource is  appropriate fo r  consideration.
strongly  agree [ ] agree [ ] disagree [ ] strongly disagree [ ]
Probe: I f  you agree, why?
Probe: I f  you disagree, then do you th ink that  i t  is not enough to
consider the natural resource i t s e l f ,  fo r  one must "manage" 
people as well?
Probe: Would "managing" people be a form of indoctr ina t ion?
22, S c i e n t i f i c  research involves adhering to a set of  s c i e n t i f i c  ethics  
or codes.
strongly  agree [ ] agree [ ] disagree [ ] strongly disagree [ ] 
Probe: What are these ethics o r  codes?
Probe: Where have they been derived from?
Probe: How are they motivated?
23. S c ien t is ts  v io la te  s c i e n t i f i c  e th ics  when they become d i r e c t l y  
involved in management decisions.
strongly agree [ ] agree [ ] disagree [ ] strongly disagree [ ]
Probe: Because s c ie n t is ts  need to make decisions which consider
the public good, do you th ink they are torn between 
s c i e n t i f i c  e th ics  and p o l i t i c a l  ethics?
Probe: Does having s c i e n t i f i c  e th ics make a s c ie n t is t  fee l  that
he/she has moral author i ty  as a human being?
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[7] RESEARCH REPORTS ARE OFTEN WRITTEN IN LANGUAGE THAT NEITHER 
-MANAGERS* NOR -PUBLIC" CAN UNDERSTAND,
24. S c ie n t is ts  are not ab le  to keep up w i th  the most recent  l i t e r a t u r e  
in areas in which they are not a c t i v e ly  working.
s t rongly  agree [ ] agree [ 1 disagree [ ] s t rongly  disagree [ ]
Probe: Are s c ie n t is ts  usu a l ly  involved with more than one p ro jec t
at  a time?
Probe: How do you keep up w i th  the l i t e r a t u r e ?
25. Most research reports  can be read and understood by s c i e n t i s t s ,  
strongly agree [ ] agree [ ] disagree [ ] s t rongly  d isagree  [ ]
Probe: How do you know?
Probe: Can you read and do you understand most research repor ts  in 
your f ie ld ?  Outside your f i e l d ?
26. Most research reports  can be read and understood by resource 
managers.
strongly agree [ ] agree [  ] d isagree [ ] s t rongly  disagree [ |
Probe: How is t h is  evident?
27. Most research reports  can be read and understood by the p u b l i c ,  
strongly agree [ ] agree [ ] disagree [ ] strongly disagree [ ]
Probe: Why do you th in k  so?
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28. Research on management questions is done by s c i e n t i s t s  in a number 
of d i f f e r e n t  d i s c i p l i n e s  such as m eteoro logis ts ,  p h y s ic is ts ,  
b i o lo g is t s ,  chemists,  geo log is ts  and engineers ( to  name a few) .
The language o f  t h e i r  reports  is  too d i f f i c u l t  f o r  managers to 
comprehend.
s trong ly  agree [ ] agree ( ] d isagree [ ] s t rong ly  d isagree [ ]
Probe: I f  you agree, which of  the above d is c ip l in e { s J  (o r  any
other d i s c i p l i n e ( s )  you may th ink  o f }  nave the most 
d i f f i c u l t  repor ts  to understand? Why?
29, I t  i s  appropr ia te  to descr ibe the s t a t i s t i c a l  ana lys is  used in 
research in m ater ia l  published f o r  the s c i e n t i f i c  community,
s trong ly  agree [ ] agree [ ] d isagree [ ] s t rong ly  d isagree [ ]
Probe: Should f t  be?
30, I t  i s  not appropr ia te  to describe the s t a t i s t i c a l  ana lys is  used in 
research reports  geared fo r  the manager or  the pub l ic  f o r  (or  
dur ing )  t h e i r  decision-making process.
s t rongly  agree [ ] agree [ ] d isagree ( ] s t rong ly  d isagree [ ] 
Probe: Would th is  s im p l i fy  or  complicate matters?
Probe: Why should i t  or  should i t  not be described?
31. Research s c ie n t is ts  q u a l i f y  the re s u l ts  o f  t h e i r  study too much, 
s trong ly  agree [ ] agree [ ] d isagree [ ] s t rong ly  d isagree [ ] 
Probe: In what context?
Probe: To what extent?
Probe: Is i t  b e t te r  i f  they do or  do not? Why?
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[81 SCIENTISTS SELDOM COMMUNICATE THEIR KNOWLEDGE TO THE PUBLIC 
EFFECTIVELY.
32. The communication r e s p o n s i b i l i t y  o f  s c i e n t i s t s  is over with the 
p u b l ic a t io n  o f  peer-reviewed l i t e r a t u r e .
s t rong ly  agree [ ] agree [ ] disagree [ ] strongly disagree [ J
Probe: What should the communication r e s p o n s i b i l i t y  o f  the
s c i e n t i s t  be?
33. S c ie n t i s t s  seldom communicate the knowledge of  t h e i r  par t icu la r  
research to  the pub l ic .
s t ro n g ly  agree [ ] agree [ ] d isagree [ ] strongly disagree [ ] 
Probe: What are the reasons why they should or should not?
34. S c ie n t i s t s  seldom communicate w i th  the publ ic  through the press, 
t e l e v i s i o n  and rad io  programs, and public  lec tures  or  courses 
o f fe re d  in cont inuing education programs.
s t ro n g ly  agree [ ] agree [ 1 disagree [ ] strongly disagree [ ]
Probe: Which one(s) of the above are most e f fe c t iv e ?  Least
e f f e c t i v e ?
Probe: Have you ever been involved in  any o f  the above-mentioned
means o f  communication? Do you fee l  you should?
Probe: Do you know o f  any o ther  ways o f  t ra nsm it t ing  information
to the publ1c?
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35. The communication e f f o r t s  o f  sc ie n t is ts  with the public  are not 
always e f f e c t i v e  and/or adequate.
s t rong ly  agree [ ] agree [ ] disagree [ ] strongly disagree [ ] 
Probe: Do you communicate e f f e c t i v e ly ?
Probe: Expla in  why you th in k  so, or how you know.
Probe: Is i t  important f o r  a s c ie n t is t  to be able to communicate
e f f e c t i v e l y ?
[91 SC I  ENT I STS FEEL THAT THEY SHOULD HOT CONCERN THEMSELVES WITH 
ATTITUDES, VALUES, AND BELIEFS THE PUBLIC HAS TOWARDS THE 
PROTECTION OF THE MARINE ENVIRONMENT NOR DO THEY FEEL IT IS  THEIR 
“DUTY" TO CHANGE THEM,
35, S c ie n t is ts  know the a t t i tu d e s  people have toward protect ing the 
marine environment.
s t rongly  agree [ ] agree [ ] disagree [ ] s t rongly  disagree [ ]
Probe: I f  you agree, then do s c ie n t is ts  know what action people
want when i t  comes to protect ing the marine environment?
Probe: How do they know?
Probe: Do you know the a tt itu d e s  people have?
37, Managers know what people want when i t  comes to protect ing the 
marine environment,
s trongly  agree [ ] agree [ ] disagree [ ] strongly disagree [ ] 
Probe: How do they know?
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38. S c ien t is ts  know more than managers what the a t t i tu d e s  and opinions 
of the publ ic  are towards protect ing  the marine environment.
strongly  agree [ ] agree [ ] disagree [ ] strongly disagree [ ]
Probe: I f  you agree, why do you th ink so?
Probe: I f  you disagree, do you think perhaps tha t  managers know
more so than scient is ts?
39. S c ie n t is ts  are concerned with a t t i tu d e s ,  values, and b e l i e fs  the
public  has towards the marine environment.
strongly  agree [ ] agree [ ] disagree [ ] strongly disagree [ ]
Probe: Why or why not?
Probe: Should they be concerned?
40. Managers are concerned with a t t i t u d e s ,  values, and b e l ie fs  the 
publ ic  has towards the marine environment.
strongly agree [ ] agree [ ] disagree [ ] strongly disagree [ ]
Probe: Why or why not?
Probe: Should they be concerned?
[10] SCIENTISTS FEEL THAT THEIR ROLE IS  ONLY TO SEEK KNOWLEDGE AND
TRUTH! THAT THEY ARE NOT QUALIFIED TO MAKE VALUE-JUDGEMENTS.
41. S c ien t is ts  are not e f f e c t i v e l y  involved in present environmental 
management e f fo r t s ,
strongly  agree [ ] agree [ ] disagree [ ] strongly disagree t ]
Probe: I f  yes, how are they involved?
Probe: I f  no, should they be involved?
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42. An appropria te  place f o r  s c i e n t i f i c  Involvement in environmental  
management Is in the  process o f  po l ic y  Implementation ( I . e .  
p e r m i t t in g ,  regu la tory  hearings,  e t c . ) .
s t rongly  agree [ ] agree [ ] disagree [ ] s t rongly  d isagree  [ ] 
Probe: Give reasons why you th in k  so.
Probe: [s there enough involvement now? Should there  be more?
43. I t  is appropriate f o r  s c i e n t i s t s  to become involved in s u rv e i l la n c e  
and p o l ic in g  of p o l ic y  implementation.
st rongly  agree [ ] agree [ ] d isagree [ ] s t rong ly  d isagree  [ ] 
Probe: Why do you say th is?
Probe: Are s c ie n t is ts  involved now in such a c t i v i t i e s ?  Should
they be?
44. S c ie n t i s t s  presently  have a say in the development o f  regu la t io ns  
or laws per ta in in g  to management o f  our natural resources dur ing  
the  p o l ic y  development phase,
s t rongly  agree [ ] agree [ 1 disagree [ 1 s trong ly  d isagree  [ ] 
Probe: Is th is  a must f o r  the s c ie n t is t?
45. I t  1s appropr ia te  f o r  s c i e n t i s t s  to get involved in the development 
and d e l i v e r y  of edu ca t ion a l ,  recrea t iona l  and i n t e r p r e t a t i v e  
programs f o r  the general  p u b l ic .
st rongly  agree [ ] agree [ ] d isagree [ ] s t rongly  d isagree [ ] 
Probe; Are they involved in a l l  three?
Probe: Should they be Involved in such functions?
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46, The s c ie n t is t  has an important ro le  monitoring management plans,  
strongly  agree [ ] agree [ ] d isagree [ ] s t rong ly  d isagree [ ]
Probe; Explain your answer.
Probe: Is that an important ro le  f o r  the s c ie n t is t?
47, S c ie n t is ts  can be e f f e c t i v e l y  involved with several d i f f e r e n t  r o l e i  
{ i . e .  advisor,  educator,  i n v e s t ig a t o r )  at the same t ime.
s t rongly  agree [ ] agree [ ] d isagree [ ] s t rong ly  d isagree [ ]
Probe: What has been your personal experience?
Probe; Even though a s c i e n t i s t  is confronted w ith  several
d i f f e r e n t  ro les  at t imes, do you th in k  t h a t  he or she is 
s t i l l  e f f e c t i v e  equ a l ly  in a l l  roles?
Probe: How does one know i f  one is being e f f e c t i v e ?
48, When s c ie n t is ts  do address the public  on important issues,  they
feel  t h a t  t h e i r  sole r e s p o n s ib i l i t y  is to provide t h e i r  fac tua l
knowledge and understanding.
st rongly  agree [ 1 agree [ ] disagree [ ] s t rong ly  disagree [ }
Probe: I f  you agree,  do you th ink  t h is  is adequate?
Probe: I f  youdisagree, do you th in k  they should also communicate
th e i r  value-judgements?
49, The s c i e n t i s t ’ s r o le  is one th a t  goes beyond seeking the t ru th ,
s trongly  agree [ } agree [ ] d isagree [ ] s t rong ly  disagree [ ]
Probe: What is the "absolute t ru th "  in science?
Probe: Can the s c i e n t i s t  ever reach an ’’absolute t ru th"?
no
50. The s c i e n t i s t  plays a r o le  in the d iscovery,  development and 
disseminat ion o f  knowledge.
s t rong ly  agree [ ] agree [ ] d isagree [ ] s t rongly  disagree [ ]
Probe: Qoes the s c i e n t i s t  play an equ a l ly  important ro le  1n al l
three  phases, or  only one or two o f  the above?
Probe: What is the ro le  of  science and s c i e n t is ts  in our society?
Probe: What is t h e i r  s p e c i f ic  r o le  in marine environmental policy 
and management?
Probe: What do you th in k  the ro le  of the s c i e n t i s t  should be?
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